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GEOLOGY AND ORE DEPOSITS OF THE TINTIC MINING 

DISTRICT, UTAH. 


By Waldemar Lindorex and G. F. Louoiiliv. 


INTRODUCTION. 


Tintic, Park City, and Bingham havo always 
been the three great silver-lead producing dis¬ 
tricts of Utah. Of late yoara Bingham has also 
become one of tlio most prominent copper dis¬ 
tricts of the world, and Tintic has likowise 
entered the ranks of the great copper cumps. 

Tire Tintic district, named after a noted 
Indian chief of the Uto tribe, is about 60 miles 
south of Salt Lake City, in the East Tintic 
Mountains, the most easterly of the Basin 
Ranges. This range forms the southward con¬ 
tinuation of the metal-rich Oquirrh Rango and 
lies only 20 miles west of tho mighty Wasatch 
uplift. From IS69 to the end of 1916, accord¬ 
ing to statistics compiled by V. C. Hoikes, 1 
metals have been produced in this district to the 
gross valuo of $169,326,248. Tintic is a dis¬ 
trict of complex ores yielding, in order of value, 
silver, gold,lead,coppor, and zinc, besides which 
some bismuth, arsenic, and antimony are re¬ 
covered. The annual production, though un¬ 
even, had risen to a maximum of nearly 
$10,000,000 in 1912. 

A careful geologic examination of the three 
districts named above was planned at an early 
date by the United States Goological Survey 
and earned out under tho direction of S. F. 
Emmons. The Tintic report 2 was published 
in 1S9S, the field work having boen completed 
in 1897. 'The stratigraphic and economic 
studios'were undertaken by G. W. Tower, and 
tho igneous rocks wore investigated by George 
Otis Smith. The results wero also summa¬ 
rized in Folio 65 of the Geologic Atlas of the 
United States, by Tower, Smith, and Emmons, 

! U. S. Geol. Survey Mineral Resources, 1915, pt. 1, p. 402,1910. 

* Tower, O, W., Jr., and Smith, O. O., Gaology and mining industry 
of tho Tintic district, T7tab: U. 8. Cool. Survey Nineteenth Ann. It opt., | 
pt. 3, pp. 601-707, ISOS. 


| This folio contained a map of un area of 12 
squnro miles, which includes the principal 
mines of the district, on tho scale of 1 ;9,600, 
and u map of a larger area (now called tho Tin¬ 
tic quadrangle), including the central part of 
the East Tintic Mountains, on the scale of 
1:62,500, or about 1 rnilo to tho inch. These 
maps have been revised and reproduced as 
Plates IV and I, respectively, of tho present 
roport. 

Since the first report was published the an- 
uual production of tho district has about 
doubled, tho development work, both laterally 
and in depth, litis increased enormously, and 
an entirely new lino of oro deposits on the oast 
side of the district has been opened. The 
Director of the Survey therefore decided that 
a review of the new developments would ho 
desirable. The rosiuvey was assigned in 1911 
to the present authors; the examination of the 
structural, stratigraphic, and igneous geologic 
features was undertaken by G. F. Loughlin 
and tho investigation of tho ore deposits by 
Waldemar Lindgren, who also had general su¬ 
pervision of the work. 

The field examination was mado in tho last 
two summer montlis of 1911, and the district 
was revisited for a short time by Mr. Loughlin 
in 1913 and by both authors in 1914. Mr. 
Loughlin also assisted in the examination of some 
of tho mines and studied the oxidized zinc ores. 

The rosurvoy was confined chiofly to the 
area of the mining district proper (PI. IV, in 
pocket). Work beyond this area was limited 
to outlying mining districts and points of 
j special geologic interest. 

A more detailod study has resulted in consid¬ 
erable revision of the mapping of the sodi- 

13 


M. C. GOD8E 111 



an owe T)F,POSITS OK TIN TIC MINING DISTBICT, UTAH. 


14 

ment-ary area, baaed on the discovery of now 
fossil localities by F. B. Weeks 1 and G. B. 
Loughlin. Tho fault systoms have also been 
worked out more fully. Revision of the gcol- 
ogy of the igneous rocks has consisted clue fly 
in raoro detailed mapping nnd description. 

Tho mine owners of the district havo aided 
tlio resurvov bv tho most cordial cooperation. 
With two exceptions, fortunately of minor 
importance, all facilities for underground work, 
mino maps, ami assistance of various kinds 
were cheerfully furnished. 

Special thanks uro due to tho gentlemen in 
charge of tho Knight properties, particularly 
to Messrs. Josso Knight and L. E. Ritor._ Mr. 
Milan L. Crandall, jr., onginoer for those prop¬ 
erties, spared uo time or effort in furnishing 
data, and sovoral of tho most important sections 
of underground workings used in this roport 
are copies of his careful and exact surveys. 

Cordial thanks are also due to Messrs. Jack- 
son McChrystul, J. H. MoChrystnl, Cl. W. 
Ritor, C. C. Griggs, C. E. Allen, and Fewson 
Smith for many courtesies. 

Tho office work on data and specimens has con¬ 
sumed much time. The new methods of metal- 
logmphic. rosoarch have been, applied to the 
study of tho ores, and in this work tho senior 
author has received much aid from Messrs. 
W. L. Whitehead and A. H. Means, of the Mas¬ 
sachusetts Institute of Technology. All the 
economic work lias been done in tho geologic 
laboratory of this institute. Messrs. Means 
and Whitehead havo especially assisted in the 
examination of polished sections nnd have made 
most of tho excellent photographs of such 
specimens hero reproduced. They havo also 
done special work on tho mineralogy of the 
district. The fossils collected have been ex¬ 
amined by Messrs. G. H. Girty aud Edwin 
Kirk, of tho United States Geological Survey. 
Many chemical analyses of ores havo been 
made by Mr. R. C. Wells, also of the Geological 
Survey, whose work and suggestions havo 
boon greatly appreciated. Several minerals 
have boon determined by Mr. W, T. Schallor, 
of the same organization. 

i Data Utcorpcruted by C. D. Walcott. Cambrian Ilncblcpoh: V S 
G »-l- Survey Mun. SI, pp. isg, 1S7, iw. 197. i ai2- 


Since the manuscript of this roport was trans¬ 
mitted for publication a paper oil the Tintic 
district by Crane-’ has been published. This 
paper differs from the present report in the 
necessarily arbitrary subdivision of the sedi¬ 
mentary formations and in the interpretation 
of certoin features of stratigraphy, structure, 
and geology of the igneous rocks. It considers 
only the more general features of tho ore- de¬ 
posits, regarding which it accords with the 
present report. 

Note. —Further comments on this resurvey 
of the Tintic mining district can appropriately 
be added by one of the geologists making the 
earlier survey. Comparison of the later map¬ 
ping with the earlier brings out differences that 
are in part explained by the much extended 
mine development and the later discovery of 
fossil localities but that are also due to more 
thorough field work. Comparison of t he work- 
, ersengaged in the two investigations of this area 
need not be made, but. it is of value to compare 
methods and standards of work. Tho 14 years 
between 1897 and 1911 were years of progress 
in geologic science, and though no great changes 
hr theory or notable discoveries were made 
there was a steady improvement in method. 
Some field workers adopted refinements in 
mapping earlier than others; the desire for 
quantitative results was stronger with certain 
of the earlier geologists like Mr. Gilbert than 
with other geologists, even of a later day; but 
on the whole there is apparent a steady trend 
toward exactness in map delineation and quan¬ 
titative accuracy in results. New methods are 
being adopted in both field and laboratory, all 
to the end of making the work more useful. 
With this view of the raising of standards it is 
gratifying to compare the resurvey with the 
earlier work. It is believed that the geologists 
responsible for the original survey would have 
doue better work in 1911 than they did in 1S97 
and that probably the authors of the present 
report would have been less successful jn 1S97 
than thoy have been in this piece of thorough 
research.—G. 0. S. 

* Cral ». O. W., Gnolajy of th« or* do[*nils of tho Tlutlo mining dis- 
ttict: Am. Inst. Min. Kug. Trues., vol. M, pp. 342-35o, 1917. 





Part I. GENERAL GEOGRAPHY AND GEOLOGY. 



By G. F. Loughlin. 

GEOGRAPHIC POSITION. The Tintic mining district is on the eastern 

The East Tintic Mountains form ono of the (near the crest) and western slopes of the con- 
Basin Ranges of Utah and havo the north-south tral portion of the East Tintic Mountains and 
trend characterist ic of these ranges. (See fig. 1.) includes portions of Juab and Utah counties. 
They lie just west of the 112th meridian of A few small producing mines lie beyond the 


Fiouke I.—Index map showing location of East Tintic Mountains and Tintic quadranglo (indicated by small rectangle). 

longitude and are crossed by the 40th parallel limits of this area. The district, is about 60 
of latitude. They are thus only 10 to 20 miles milos south of Salt Lalco City, with which it is 
distant from the south end of the "Wasatch connected by two railroads—'the Los Angelos 
Mountains and form the easternmost of the & Salt Lake and the Denver & Rio Grande. 
Basin Ranges in this latitude. In total length Eureka, Mammoth, Robinson (now included in 
the East Tintic Mountains do not exceed 40 Mammoth City), and Silver City are tho prin- 
miles, but they may be considered as continued cipal towns and are situated in gulches or 
to the north in tho Oquirrh Mountains and to broad canyons of tho western slope. The 
tho south in tho Canyon Range. Both of these abandoned town of Diamond Ls similarly sit- 
lie slightly farther west than tho East Tintic uated south of the active part of tho district. 
Range but are soparatod from it by only nar- Knight ville, just west of tho divide, is included 
row passes. They are from 5 to 10 miles wide, within the limits of Eureka. Ho mans ville, 
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whore the first mill wus erected but where 
only ono or two houses now remain, is 1' niuea 
east of the divide end northeast of Eureka. 
To the wost of tho mountains is Tintic Junc¬ 
tion, a section point on tho Los Angeles & 
Salt Luke Railroad, whore tho Tintic branch 
leaves the main lino, 3 miles southwest of 
Eureka. The old smelter town of Tintic, also 
important in tho early days, was situated 
further south, in Iho middle of lintic Valley. 
To tho oast of tho mountains, in Gosheu Valley, 
arc tho farming towns of Elbcrtu. and Goshen, 
tho latter just east of the Tintic quadrangle. 

TOPOGRAPHY. 

MOUNTAINS. 

The East Tintic Mountains as a whole nro 
rather complex and form parts of the extensive 
but now partly buried system of block moun¬ 
tains known as tho Basin Ranges. They are 
connected with tho West Tintic Mountains by 
a low oast-west ridge, composed largely of grav¬ 
els, which forms the divide between Tintic and 
Rush valleys; on tho east they are connected 
at the head of Goshen Valley with I.ong Ridgo, 
which extends southward and northeastward 
from that point and at its northeast end is con¬ 
nected with the Wasatch Mountains by tho low 
hills south of Siuitttquin. The East Tintic. 
Mountains aro too maturely dissected to offer 
convincing ovidonco of block faulting, although 
their topography suggests that structure in a 
few places, especially at the head of Tintic 
Valloy. Iloro the front of tho range makes an 
abrupt turn westward, squarely across tbo 
strike of the rock formations, as if a largo block 
west of the mining district had dropped below 
the present lovcl of the valley. There is, how¬ 
ever, structural evidence of faulting north of 
Silver Pass. (See p. S9.) Structural evidenco 
of block faulting corresponding to minor ridges 
is also clearly exposed oast of tho quadratiglo, 
at tho northeast end of Loug Ridgo and in tho 
adjoining part of Iho Wasatch Mountains. 1 
The existence of these faults loaves little doubt 
that tho East Tintic Mountains consist of a 
composite fault block, whose outlinos and iden¬ 
tity have boon largely obscured by erosion. 
There is abundant evidence of faulting within 
tho^Tintic mining district, but all tho notable 

1 l>niKhlln,0 F , noconnntewnn in tlmeulhoru Wasatch Mountains 
vuh: J»ur OoScjy, vi>'.. .'I, pj\. WS-C.I, 1<U3, 


faults there appear to be older than the eleva¬ 
tion of tho Basin Ranges. 

The control part of the range, which includes 
tho mining district, is a rather sinuous ridge 
interrupted by the Euroka-Homansville Pass 
and by Silver Pass, both of which lie along 
zones weakened by faulting—in. tho former pass 
prevolcanic and in tho latter postvolcaiuc.. 
The slopos of the ridge are cut by major and 
minor canyons and gulches, tho largest of which 
merge into the wido valley's on tho oast and 
west. The relief is strongly marked, the crest 
attaining an altitude ot 8,214 foot, whereas 
Tintic Valloy, on the west, desconds to an No¬ 
vation of 5,600 foot and Goshen Valloy, on tho 
oast, to 4,500 foot. The highest ponk (see PI. I) 
is Tintic Mountain, near the south end of tho 
ridge. The other principal peaks are Buckhoru 
Mountain (7,852 feet),Sunrise Peak (7,693 feet), 
Mammoth Peak (S,104 feet), Sioux Peak (8,094 
feet), Godiva Mountain (8,040 feet), Eureka 
Peak (7,909 feet), Packard Peak (7,828 feet), 
and Pinyon Peak (7,702 feet). 

Tho character of tho topography is well 
shown in Plates VI, VII, VIII, IX, and X, A. 
Tho highest peaks, noarly all on the backbone 
of tbe ridgo, are characterized by a good mim- 
bor of outcrops, many of them cliffs, of which 
tbe Mammoth Bluffs, measuring 140 feet from 
top to bottom, are tho highest. The branch 
spurs of tho range as a rule have smoother sur¬ 
faces, owing to the almost complete disinte¬ 
gration of thoir outcrops into talus. (Soe PI. 
VI, A.) The branch ridgo of limestone be- 
twoon Mammoth and Eureka is an exception 
to this rule, and contains Eureka Peak, one of 
tho highest in the district. (Soo PI. IX, .4.) 
The topography south of Ruby Hollow (see 
PI. I), where only volcanic rocks are exposed, 
is symmetrical, the crest of tho range lying mid¬ 
way between the two principal valleys. Sun¬ 
rise Peak, which is an exception to this rule, 
is a volcunic plug of monzonite porphyry and 
owes its relatively high altitude to tho rapid 
erosion of the loosely textured tuffs that sur¬ 
round it. Treasure Hill (6,852 feet) owes its 
prominence to a local silicificatiou of tho rock. 
North of Ruby Hollow tho crest of the range 
shilts westward, continuing along limestone 
peaks, and its position is evidently controlled 
by differences in tho weather-resisting proper¬ 
ties of tho different rocks. 


U. S. GEOLOGICAL SURVEY 


PROFESSIONAL PAPER 107 PLATE VI 



A. SUNRISE PEAK AND VOLCANO RIDGE, LOOKING SOUTH FROM TREASURE HILL. 



B. PANORAMA OF EAST TINTIC MOUNTAINS, LOOKING NORTH FROM TREASURE HILL ACROSS RUBY HOLLOW. 



















U. S. GEOLOGICAL SURVEY 


PROFESSIONAL PAPER 107 PLATE VII 



A. PANORAMA OF MAMMOTH HILL AND SURROUNDING MOUNTAINS. 

1, Opex property: 2, Emerald property; 3, Grand Central mine; 4, Mammoth mine; 5, Lower Mammoth mine; 6, Gold Chain mine; 7, Black Jack mine; 

8, Black Jack open cut iron mine. 



D. PANORAMA OF EUREKA AND VICINITY. 

R Chief Consolidated mine; 4, Snow Flake mino; 5. Eureka Hill mine; 6, Tetro tunnel; 7. Godiva mine, 
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The limestono is distinctly the most resistant 
to weathering of oil the rocks in the range under 
existing climatic conditions, owing (o its gen¬ 
erally massive character and freedom from ex¬ 
cessive jointing. The quartzite, though harder 
and relatively insoluble, is split into thin slabs 
by numerous joints that greatly promote me¬ 
chanical disintegration. Quartzite Ridge, just, 
northwest of Robinson, is tho highest, part of 
the quartzite area, hut it is only as high as the 
lowest limestone peak just east of it. I ts prom¬ 
inence is in part duo to rapid erosion of the , 
narrow shale holt Unit borders it on the oast. 
North of Eureka Gulch the quartzite is limited 
to tho conical, debris-covered foothills, in 
strong contrast to the higher limestone hills on 
tho east. (See PI. VIII, B.) The position of 
the quartzite along the edge of tho range may 
in part account for its more rapid denudation 
but does not explain its thorough disintegra¬ 
tion into small, Hat fragments. 

Tho igneous rocks have undergone the most 
extensive erosion, as will be seon by a compari¬ 
son of the west fronts of the range north and 
south of Mammoth Gulch and by a glance at 
Plates VI, IX, B, and X, B. Exposures of 
monzonite are mostly reduced to small rounded 
residual boulders; those of intrusive rhyolite 
porphyry to small angular fragments. The 
effusive rocks as a rule have disintegrated into 
angular fragments, or here anc! there into i 
ronnded boulders, except along the higher 
divides, whore small to moderately large cl ills 
are common. (Sco PI. VIII, A.) The contrast 
in weathering between tho igneous rocks and 
limestones is shown southeast of Mammoth, 
where tho low subdued hills of monzonite and 
related porphyrystop abruptly against the high, 
steep limestono slopes. (See PI. VI, B.) 

VAX LEYS. 

No special attention has been given to the 
large intenuoutane valleys bordering the range. 
They are typical of Great Basin valleys more or 
less filled with gently sloping alluvial deposits 
derived from tho mountains. The central part 
of Goshen Valley is covered with silt und clay I 
deposited in the ancient Lake Bonneville, of j 
which the present Utah Lake is a remnant. 
Theso valleys represent the down-faulted por¬ 
tions of the Great Basin, but their original out¬ 
lines are now obseured by their margkvul alln- | 


vial slopes. They arc becoming of increasing 
value as farm lands. The farms of Goshen and 
Elberta are irrigated by water from Currant 
(or Salt) Creek and a few farms at the month of 
Eureka Gulch have been irrigated by water 
pumped from the Centennial Eureka mine; 
but most of the farms in Tintie, Rush, and 
Cedar valleys are dry farms. 

The Intend valleys in tho sedimentary areas 
penetrate the range across the strike of the 
strata, but their branches conform with the 
strike. Faulting and shattering have takon 
place in both directions, and many of t.lu; val¬ 
leys coincide with faults. Eureka Gulch is 
approximately parallel to a strong fault, zone 
which was formod and evidently deeply eroded 
prior to volcanic eruption. (See PI. V, section 
A-A\) Its present unusual form, steep and 
narrow in its lower part and wide open in its 
upper part, is evidently duo to the relatively 
rapid erosion of the volcanic rock (Packard 
rhyolite). It is separated by a low, flat divide 
from Homansville Canyon, which, owing to its 
steeper grade, appears to have undergone the 
more rapid erosion, as is indicated by a west¬ 
ward migration of the divide into tho alluvium 
at the head of Eureka Gulch. Here the area 
of alluvium slopes gently westward, but its 
cast ond lms been removed, and on the east 
side of the divide the underlying rhyolite ledges 
are exposed along the creek bed. 

Mammoth Gulch also lies along the course of 
a strong prcvoleanie oast-west fault zone, and 
some of its north branches also follow prcvol- 
eanic north-south faults, butsomo of thestrong- 
est faults in tho district show no relation to 
topography, probably because of their pre¬ 
vailing “tightness,” which is described in the 
section on faulting (pp. 77-S7). None of tho 
valloys in the sedimentary area appear to mark 
the position of late faults developed by the 
Basin Range uplift. The lateral valleys in the 
igneous areas can not be definitely associated 
with faulting, because of the uniform character 
of the surrounding rock and its advanced stage 
of disintegration. The fact that they paral¬ 
lel tho valloys in the sedimentary areas is not 
significant, as those valleys follow prcvoleanie 
faults. 

The lateral valleys, extending well back 
toward the crest of the range, have afforded 
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the best Sites for mining towns. Eureka (P1L ! 
VII, B) is the most favorably situated, the low 
divide and relatively gentle grades giving it 
direct connection by railroad with the com y 
both cast and west of the mountains. 1 he> low 
divide also, however, affords the principal pa 
for the frequent windstorms that blow from 
Tintic Valle}” eastward. Mammoth n e 
wider in proportion to its length, perhaps, owing 
To Irelapid erosion in faulted and shat tered 
ground, which gives it a basin-like character 
(PI. VII, A), and is favored by its proximity to 
some of the most active mines in tho district. 
Tho merging of its lower part with untie \ al¬ 
ley is shown in Plato X, A. Silver City is situ¬ 
ated at the mouth of Dragon Canyon, where it 
has railroad facilities and is within easy reach 
of the mines in the igneous area. Owing to tho 
idleness of nearly all theao mines and of the 
Tintic smelter, Silver City is not so flourishing 
now as formerly. The idleness of all the mines 
around Diamond accounts for its total abandon- 
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WATER SUPPLY. 

SPRINGS AND WELLS. 1 

There are several springs scattered over the 
east slope of the range ns far south as Diamond 
and on both sides from Diamond southward, 
but their run-off travels only a short distance 
(100 feet to a mile or more) before it is absorbed 
by the soil. These springs occur in or near 
volcanic rock. The rock itself is nearly im¬ 
pervious, but its upper portion has been largely 
disintegrated into loose, porous materials 
which form a considerable surface covering 
in places that are protected from active erosion. 
Raiu water accumulates in debris-tilled dopres- 
1 siona or seeps along gentlo slopes upon the 
underlying impervious fresh rock, to emerge 
os a spring where tho rock crops out. The 
springs arc small, and their flow varies directly 
with the rainfall. Silver City is supplied with 
water from a group of these springs. 

The water supplies of Eureka, the Denver 
& Rio Grande Railroad, and several mines are 


The area shown in Plate I (in pocket) is t ribu¬ 
tary to three drainago basins—Tintic Valley, 
which in turn is tributary to the Sevier Basin; 
Goshen Volley, which drains northward into 
Great Salt Lake; and Cedar Valley, an inde¬ 
pendent closed basin. No perennial streams 
rise in the East Tintic Mountains, but in spite 
of this fact their slopes have been well sculp¬ 
tured. Intermittent streams, which carry 
water only after cloudbursts, are tho only exist¬ 
ing agency to account for the sculpturing, but it 
is quite possible that much of the erosion was 
accomplished by former perennial mountain 
streams during the humid climate of Lake 
Bonneville time. 

The nearest existing perennial stream is Cur¬ 
rant Creek (also called Salt Creek), which rises 
cast of Mount Nebo, at the south end of tho 
Wasatch Range. This creek cuts through the 
northeastern portion of Long Ridge in a bold 
canyon, emerging iuto Goshen Valley and enter¬ 
ing the Tintic quadrangle about 2 ruilcs south¬ 
east of Elberta. It follows a winding course 
northward, leaving the quadrangle again due 
east of Elberta aud fiually reaching Utah Lake. 
Currant Creek furnishes the water used for 
irrigation in the towns of Elberta and Goshen. 


driven in the surfaco debris over the rhyolite 
and in the upper decomposed portion of the 
rhyolite itself. Tho wells are distributed from 
Eureka to Homausville. Private wells in 
Eureka range from 15 to 125 feet ill depth, and 
such wells, especially the more western, are 
in danger of contamination from the city’s 
drainage. Shafts and tunnels vary in depth 
and length. Tho Eureka Hill pumping plant, 
in tho Horaansvillo Basin, which supplies 
water for the city of Eureka, is the most exten¬ 
sive, having a main shaft 265 feet deep, two 
minor shafts, and tunnels said to aggregate 
several thousand feet in length. Its pump 
is operated at the rate of SO gallons a minute 
for 5 to 12 houm each day, fully 50,000 gallons 
being withdrawn on certain days. The normal 
water level is reported to be 20 feet below tho 
surface, but the level is easily lowered by 
pumping or by unusually dry seasons. 

I Tho water supply of Mammoth and llobinsou 
is obtained IS miles to tho west, from Cherry 
Creek, on the west slope of the West Tintic 
Mountains. The water is pumped over the 

| 1 Largely ibMwtsI from Meinz-r, o. E., Ground VrMor In Juub, 

JtElfartl in:! Iron counliai, Xl'jaii', U. 3. Ccol, Surety Waitr-Supply 
Paper 277, pp. 81 -M, 1911. 
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crest of the ridge and piped across Tin tie Valley 
to Robinson, where it is again pumped to the 
mines and dwellings of Mammoth. 

GROUND WATER IN MINES. 

Mines in the igneous rocks have struck 
ground-water level at depths of a few hundred 
feet. At the time of the earlier survey (1896) 
permanent water had been struck in the mon- 
zonitie rocks at depths ranging from little 
more than 100 feet to over 650 feet. At the 
Joe Bowers No. 2 mine, on the northeast slope 
of Treasure Hill, water was struck 175 feet 
below the surface (over 6,500 feet above son 
level); in the Hoincstake, on the south slope 
of Treasure Hill, 200 feet down (6,320 feet 
or more above sea level); in the Suubeam at 
the 490-foot level (altitude, 6,040 feet) in 
sufficient quantity to prevent profitable mining 
at greater depths. Iri the Iron Duke a con¬ 
tinuous flow was met a short distance below 
the 100-foot level (altitude about 6,190 feet), 
•and at the 350-foot level (altitude, 5,940 feet) 
water was pumped at the rate of 4,000 gallons 
a day. In the Swansea water was found 
just below the 650-foot level (altitude about 
5,530 feet). These depths (except the first 
two) are plotted in figure 2, which also includes 
tho southward projection of the shaft of the 
Dragon iron mine. The data are too meager 
to give a good idea of the relations between 
surface and ground water. Tho shallow depth 
in the Iron Duke shaft, which appeals abnormal, 
may be due to its location at the southeast 
base of a high hill, nearly in the bed of the 
creek that drains all the monzonite area to the 
north and east. The difference in depth in 
tho Swansea and Sunbeam mines agrees well 
with the general slope of the surface. The 
shaft of the Dragon iron mine furnishes a 
striking contrast. Although driven in higher 
ground and reaching a greater depth (1,025 
feet) than .the Sunbeam shaft, its bottom is 
dry. A vertical drill hole extending 800 feet 
below its bottom is also dry. Tbe shaft and 
all but the lowest 4 feet of the drill hole arc 
in metamorphic limestone near the monzonite 
contact. Water has been struck on the 800 
and 1,000 foot levels of the Dragon iron mine, 
south and southeast of the shaft, but this 
comes from fissures and the rest of these levels 


is practically dry. The ground-water surface 
in the limestone, as shown in the next para¬ 
graph, is very low, and if fissures are present 
in the overlying porphyry to conduct the 
water down into the limestone, there may bo 
a tendency for ground water to flow downward 
toward and into the limestone and for the 
ground-water surface to follow a steep slope 
of unknown depth from one rock formation 
into the other. In figure 2 tho normal ground¬ 
water surface in the monzonite and porphyry 
is shown by the horizontal long-dash line and 
the sloping surface toward the Dragon shaft 
by tho dotted line. 

In tho mines iu limestone local water¬ 
courses, due to some impervious bed or dike, 
havo been found nt rather shallow depths.' 
For example, in the May Day mine a watcr- 
coiuxe was tapped along the contact of a de¬ 
composing porphyry dike which has been cut 
at certain places between the 200 and 500 foot 
levels, but the lowest workings, including the 
1,100-fout level, are dry. In tho Northern 
Spy a watercourse was struck between tho 800 
and 900 foot levels, and water now stands 
knee-deep on the 900-foot lovel(6,630 feet above 
the sea), below which no work has boon done. 
The geologic map (PI. TV) shows tho proximity 
of the workings to a small monzonite stock, 
which may account for the local abnormally 
high water level. In the Ynnkee mine a water¬ 
course is tapped at the 1,300-foot level, where 
the shaft passes through tho upper contact of a 
black shnly bod; but tho water is piped for 700 
feet down and disappears through fractures at 
the bottom of the 2,000-foot shaft (5,080 feet 
above sea level and 5S0 feet abovo the flat 
around Utah Lake). 

The great depth of tho permanent water 
level is shown by the depths at which water 
stands in the only deep mines that have 
reached water level: Gemini, at the 1,650-foot 
level (altitude 4,813 feet); Centennial Eureka, 
at a depth of 2,036 feet (altitude about 4,851 
feet) ; Opex, at u depth of 2,170 feet (altitude 
4,791 feet); Grand Central, at a depth of 2,390 
feet (altitude 4,759 feet); Chief Consolidated, 
at a depth of 1,815 feet (altitude 4,755 feet). 
The Mammoth mine, 2,362 feet deep (altitude 
4,690 feet), has not reached permanent water 
level. 
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In the East Tintic district' thoTintic Stand- 
■d shaft has passed through 700 feet of limc- 
shale and gone 300 feet 


ELEVATION IN FEET 


stone and a little 
into the underlying 
quartzite (altitude 
about 5,000 feet, or 
500 feet above Utah 
Lake) withoutstrik- 
ing water. Some 
seepages hare been 
opolled by drifts 
along the contact of 
quartzite and shale 
on the 1,000-foot 
level and along an 
inclined winze that 
follows the contact 
down to and below 
the 1,300-foot level, 
but no pumping is 
necessary. This is 
interesting in view 
of the fact that in 
some of the ranges 
west of the East 
Tintic Mountains 
springs are found in 
quartzite areas, and 
shallow prospects in 
those areas have 
struck water. The 
known occurrences 
of ground water in 
the Limestone and its 
relations to the to¬ 
pography and to the 
level of UtaLi Lake 
areshown in figures. 

VEGETATION. 

The East Tintic 
Mountains have the 
scanty vegetation of 
an arid region. In 
general tho land¬ 
scape presents the 
somber dull-gray 

and brown tints of rock masses and debt¬ 
or less obscured by low sagebrush. OnL 
is tho monotony varied by the green of 
covered slope or ruvioo. 
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On the highest peaks and exposed rocky 
points occur different species of cactus, the 
most, common of which are the prickly pears 
Ojnmlia and Echmocaclux. The more common 
trees of the higher slopes arc the pinon (Pinas 
monophyU(i) , the mountain mahogany (Chrco- 
extrpus Ic’dl folium), and the juniper, locally called 
cedar (Juniper us utahens-is) . Lower, in the dry 
ravines, are thickets of scrubby maple, espe¬ 
cially on the eastern slope, and the aspens are. 
found in sheltered spots, more commonly those 
with a northern exposure. The trees all show, 
in their stunted, gnarled, ami twisted trunks, 
the severity of their struggle for existence on 
these barren slopes, [n the lower valleys the 
sagebrush (Artemisia) and rabbit brush 
(Jiigdmia) constitute almost the sole vege¬ 
tation. Grasses occur in scattered tufts 
but arc apparently mostly dead during the 
summer. In the past the East Tintic Moun¬ 
tains have supported' sufficient- of this scanty 
herbage to afford range for cattle, horses, 
and sheep, but grazing to-day is limited to 
occasional small herds of cattle and horses 
along the mountain slopes. 

GEOLOGY. 

GENERAL GEOLOGIC FEATURES. 

The East Tint.ie Range is composed of 
Paleozoic sodimontary and Tertiary igneous 
rooks. Tire sodimontary rocks arc quartzite, 
over 6,000 feet thick, overlain by 6,500 to 
7,000 feet of limestone, including a small 
amount of shale. The igneous rocks arc in 
part intrusive rhyolite porphyry and mon- 
zonito and in part effusive rhyolites and 
lntites or andesites. 

The isolated position of the range permits 
only a gonorol correlation of its formations 
with those of neighboring ranges, which also 
consist, principally of Paleozoic strata. The 
Oquivrh Range, t,o tho north, and tho Canyon 
Range, to tho south, scorn closely related 
structurally as well as stratigraphic-ally. The 
Oquirrh Mountains comprise two great un- 
symnielricul anticlines separated by a syn- 
cline. 1 Tho Paleozoic rocks of the Canyon 
Range are folded into several anticlines and 
synclines. 1 Tire part of the East Tintir 

> E:mnaiu, S, [n Simir, J. E., Economic p'C,'o<y ot Die JterJii 
mining Jntricl. Utah: V. 8. OcoL Survey Slxterath Ann. Itcfit., pt. 2 
PP VO, Si I, ISilj. 

* Lwishlln, D. y, \ rmonniix- .n.i- 1 n llu-C.uiym Rlince, wv"4-cOltl»t 
Uuh; V. S, Cool. Survey Prof. Pttp*rW, pp. SJ-W, I9H. 


i Mountains lying northwest of tho area shown 
| in Plato IV' is structurally a broad anticline 
which, in tho mining district, is paralleled by 
i an unssymnietrieiil syueluio of northward pitch, 
with a vertical or slightly overturned west 
limb and a gently dipping east limb. Ex¬ 
posures to the south and east are interrupted 
and largely concealed by the extensive masses 
of igneous rocks, but (ho small areas of exposed 
strata east of tho sine line indicate an anti¬ 
cline beneath Long Ridge and the head of 
Goshen Valley, and still another antielino of 
southward pitch, exposed in the canyon of 
Currant Crock east of the Tin tie quadrangle. 
Tho oast limb of this anticline extends in 
limestone almost to the base of Mount Nobo, 
of tho Wasatch Range. To tho west, across 
Tinlie Valley, are exposures of westward- 
dipping quartzite, with a. few intercalated 
limestone beds, which strutigraphieully lie 
above any of the formations studied in the 
East Tintic Mountains. Their attitude is that 
of a southwestern continuation of the west 
limb of the anticline northwest of the Tintic 
quadrangle; hut. it must ho remembered that- 
one or more largo faults may separate the two 
places. The. Paleozoic rocks are thus consid¬ 
erably folded, and tho axes of the folds have 
a general northerly trend. This structure 
appears to extend beyond the limits of the 
range, both longitudinally and transversely.. 

Faulting in the district is very prevalent, 
though its relation to Great Basin topography, 
as shown on page 16, is not very clear, owing 
to tho advanced stage of erosion. Most of the 
observed faults havo nearly east or northeast 
trends; a low trend northwest. They range 
in horizontal displacement from less than a 
foot to as much as 500 feet—in one fault 2,000 
foot. Faults of northerly trend are believed 
to bo abundant also, but ns n rule their 
existence can not. be proved on the surface, 
because they parallel the strike of tho rock. 
Fissuring and faulting obviously took place 
at several different times from the post- 
Jurassic uplift to the later part of the Tertiary 
period, and many faults are older and others 
younger than the period of ore deposition. 
The systems of faults, both the older and 
the younger, determine the location of cer¬ 
tain ore bodies, hut several of the, more 
pronounced faults have no connection wi,li 
the trends of oro shoots and had evidently 
become healed before oro deposition began. 
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SEDIMENTARY ROCKS. 

FORMATIONS REPRESENTED. 

The sedimentary rocks exposed within the 
Tuit.ie quadrangle have a total thickness ol at 
least 13,000 lcet. They indudo Cambrian, 
Ordovician, Devonian, and MJssissippianstrata, 
interrupted by unconformities at the top of 
tho Cambrian and at the base of the MiwLs- 
sippian. The formations shown in Plate I 
are separated so far as possible according to 
puleontologic evidence; in Plato IV they are 
subdivided chiefly on lithologic, grounds, to 
elucidate geologic structure and show where 
necessary, the stratigraphic relations between 
tho country rocks of different, mines. 

In the earlier report ail the, present recognized 
formations from the middle of thoOphir fonna- 
tiou to the lop of the Opohouga limestone 
were included in the "Mammoth” or “Eureka 
limestone,” and all from the base of tho 
Bluebell dolomite to the top of tho Pine 
Canyon limestone wore included in tho “Go- 
diva limestone.” Measured sections presented 
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i in that report show seventeen recognized mem¬ 
bers in the “ Eureka limestone” and twenty-six 
in the “Godivn,” but apparently no use was 
made of them as an aid in working out the 
structure. In the present report only fifteen 
divisions of the limestone arc recognized, and 
these have been distinguished on lithologic 
grounds largely because of their usefulness in 
solving structural and stmtigraplue problems. 
Some, like the Dagmar limestone, are of uni¬ 
form character and sharply contrasted with all 
the other formations; others, like the Teutonic 
limestone, are highly variable and can not be 
recognized until the beds above and below 
have been determined. Beds of similar litho¬ 
logic character occur at many different hori- 
zons, and failure, to recognize, this and other 
facts bus led to the location of some claims in 
geologieully unpromising places. For these 
reasons the different limestone formations are 
described in considerable detail and arc dis¬ 
tinguished on the map (PI. IV). Correlations 
of the names used in tho earlier and present, 
reports arc shown in tho following table. 


t.'orrrhtion a/formation whom W in Tlnlu report*. 


Earlier report. 

Preeenl report. 

Name. 

| 

Thickncs; 
in foot. 

Name. 

Thickness 
in feet. 

Ago. 

Humbug formation. 

250 

Iluinbug lonnatirui. 

250 

Upper Jliafiasippinn. 

Gotliva limestone. 

2,216 

Pino Canyon limestone. 1 

Gardtior dolomite.| 

Victoria quartzite. 

1,000 

435-700 

0-85 

Lotver Mwah® ip pi an. 
Unconformity. 

1 

Pinyon Peak limestone a . 

0-150 

Upper (7) Devonian. 

Bluebell dolomite.... 

700-1,100 

Upper to Lower Ordovician. 

Mammoth (or Eureka) 
limestone.5 

c 8,970 

OpohoDsja limestone. 

Ajr.X hirt-tloue, including 
Emerald dolomite member. 

825+ 

570 

1 

Lower Ordovician. 

1 Unconformity. 

Opex dolomite. 

300 

1 Upper (7) Cambrian. 

C'clo Canyon dolomite.. 
Bluebird dolomite... 

Herkimer limestone 

Dammar limestone... . 
Teutonic limestone 

510 

175-200 

235 

too 

550 

Middle Cambrian. 

Opltir formation.. 

355 

Tinl ir («»r Kobinj»on)qiuuly,' 
ilo. 

• At Huron Iv-ik tlw i. 

7,000 

Tint it- quartzite... 

6,000+ 

Lower Cambrian; may possibly 
include some pre-Cambrian. 
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CAM BUI AX SYSTEM. 

TINTIC QUARTZITE (LOWER CAMBRIAN). 

BISTHIHimON. 

The Tintic quartzite is the lowest formation 
of the stratigraphic series. It forms Quartzite 
Ridge and extends from that ridge in a north- 
northwesterly direction beyond the northwest 
corner of the quadrangle. (See Pis. I and II.) 
Its dip, averaging about vertical on Quartzite 
Ridge (see Pis. IV and V), is steep to the cast 
north of Eureka Gulch and gradually flattens 
northwestward, crossing an anticlinal axis and 
changing to west beyond the. limits of the quad¬ 
rangle. South of Mammoth Gulch the forma¬ 
tion is represented by numerous inclusions in 
the monzonite and by small isolated ureas 
emerging tlu'ough the lava flows nearly to the 
south boundary of the quadrangle. It is also 
exposed in a few places on Long Ridge, south 
of Goshen Valley. 

There is a small area of quartzite emerging 
through rhyolite about 2 miles southeast, of 
Homansvillo, Quartzite, has also been struck 
tlirce-fourtlis of a mile farther south, in the 
Tintic Standard shaft, where it extends from 
the 700-foot to and beyond the 1,000-foot 
level. The rock in both these places has the 
lithologic character and stratigraphic relations 
of the Tintic quartzite. At the road fork I V 
miles south of the Tintic. Standard shaft a 
considerable thickness of the Ophir formation 
indicates that the Tintic quartzite must lie a 
short distance below the surface, as suggested 
in Plate II, sections A-A' and B-B'. 

The quartzite inclusion just north of the 
Martha Washington shaft (sec PI. IV) can not 
be definitely correlated. It may bo equivalent 
to the small quartzite beds in metamorphie 
limestone south of the Lower Mammoth mine, 
with winch it is in lino, or may bo regarded as 
a block of tlio Tintic quartzite. In the latter 
cause it is necessary to assume that the block 
was carried up by the ascending monzonite 
magma a vertical distance of about 2,000 feet, 
or tliat it is a remnant of a large mass first 
upfaulted and later invaded by the monzonite. 

j.mioLoav. 

Tho Tintic quartzite is best, exposed on 
Quartzite Ridge, between Eureka and Mam¬ 
moth gulches. The typical rock is grayish white 
to very pnle pink, has a fine, even grain, and is 
composed almost wholly of quartz. Indica¬ 
tions of bedding are in many places absent, 


’ owing lo its uniform purity and in part to exces¬ 
sive jointing. It is thoroughly broken up by 
three or more systems of vertical sheet joints 
which have divided the rock into thin slabs 
from an inch or so to 2 or 2 feet in thickness. 
Three systems are recognized—(1) strike N. 
70° E., dip 55° N. to 00° and 55° S., somewhat 
slickonsuled; (2) strike N. 10° E.. dip 75° to 
80° E.; (2) a flat system dipping about par¬ 
allel to tho general surface of the ridgo crest. 

There arc a few variations from the typo 
described above. Soveral thin conglomerate 
beds are found throughout the formation and 
are well exposed in tho lower portion along tho 
cuts of tho Denver & Rio Grande Railroad. 
The pebbles aro well rounded, range in diameter 
from less than one-fourth of an inch to I or 2 
inches, anu consist mostly of vein quartz, 
though a few of quartzite were found. Crush 
breccia is also occasionally found along frac¬ 
ture or fault zones. Its fragments, in contrast 
to tho conglomerate pebbles, arc sharply angu¬ 
lar and are cemented by pale-brownish, rather 
argillaceous and perhaps calcareous material. 
In tho easternmost railroad cut in thelcwor part 
of Eureka Gulch (west of the area shown on 
PI. IV) there aro a few insignificant, slate bauds 
from 2 inches to 1 foot thick. Eastward from 
the summit of the ridge a few pebbly beds 
occur, but. the rock as a whole gradually be¬ 
comes slightly aigillaceous and thin boddod, 
with finely micaceous partings, one-fourth of 
an inch apart. On the weathered surface it 
develops fine yellow to rusty bands or spots, 
which may bo concealed by a black lichen 
growth. This variety passes conformably but 
abruptly into tho brown-weathering, higldy 
micaceous and calcareous sandstone and shale 
at the base of tho Ophir formation. Ripple 
marks were found on a few talus fragments 
along tho southeast slope of Quartzite Ridge, 
and somo exposures, especially those in the lower 
part of Mammoth Gulch, showed cross-bedding 
in places. Cross-bedding is also conspicuous in 
tho zone of tbin intercalated conglomerate bods 
in the upper part of tho formation on Qiiurtz- 
ilo Ridgo. 

In tho northwest corner of tho Tintic quad¬ 
rangle, along tho range front near tho 7,000- 
foot. contour, tho quartzite includes a bod with 
dark reddish-brown weathorod surface that has 
been traced for about 2 milos along tho strike. 
Its thickness where seen is S to 10 feet hut is 
said to bo considerably greater in places. The 
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unwoat’nered rock, which has been exposed in 
fow prospect hob's, is green. An analysis 
shows it to contain 63.5 per cent SiO,, o.l per 
cent A1A, and IS.4 per cent mm (or 26.3 per 
cent I-’oA). It has been mistaken tor a gossan 
or “iron outcrop” and Imsboen culled alissure 
v ein, but it is really a bed in the quartzite con¬ 
taining uri unusually lingo amount of mm. 

The following microscopic description of the 
typical quartzite is quoted from the report <*t 


llm 






JlicfWf.opic studies show it Ui be a very puro quartzite, 
thoindividual grains being well rounded and ior the need 
part of very liniforra size. Occtwcinally the gnnns aie 
somewhat drawn out, aa if by dynamic mclamorphistn. 
Corroded grains are not common, though proeent. In rare 
anna tlic quartz shows crystal facets. In mauy of the 
grains of quartz are particles of a dark material so abundant 
ns to give tho individual grains a very dirty appearance. 
Tho nature of these particles could not bo determined. 
Tho lowest beds of quartzite contain ratio feldspar and 
nnfovit'., while nearly all of the boil.* show zircon and 
rutile In one specimen from '.ho upper portion greenish 
grain* were observed tinged with brawn on tlic ring wluoh 
were t bought to bo glauconite. 

Tho qunrtzit -0 inclusions in I ho mouzonito 
tiro in places rather conrso grained, and one or 
two of them contain gurnets along some of the 
bedding pianos. Tho general cluiracter of 
these inclusions indicates that they are the 
somewhat metamorphosed equivalent of the 
upper beds on Quartzite Ridge. Several pros¬ 
pect holes havo been opened in or along these 
intrusions, as if prospectors lntd mistaken 
quartzite for vein quartz. The two tnay read ily 
ho distinguished, the quartzite having a dis¬ 
tinctly granular structure and the vein quartz 
being either massive or filled with small crys¬ 
talline pockets and stained with iron oxide. 


connetArtoM. 


Although tho Tintic quartzite itself contains 
no fossils, its thickness and position at the 
baso of tho s t it. tigraphic, series place beyond 
reasonable doubt its correlation with the Cam- 
briar. quartzites of the Wasatch, Oquirrh, and 
House ranges in Utah, At least ill part. At 
Op.br Canyon, in the Oquirrh Mountains, 
Emmons- found Lower Cumbrian trilnbitcs 
in the overlying day slates. In the House 
Range and in Big Cottonwood Canyon of the 
Wasatch Mountains, Walcott 3 also found 
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Lower Cambrian fossils in the overlying shale. 
In tbe Blacksmith Fork section of the northern 
Wasatch Mountains, Walcott found the same 
lithologic sequence but obtained Middlo Cam¬ 
brian fossils in the overlying shale. Middle 
Cambrian fossils were found by Weeks in tbe 
overlying shale at Tintic. Tho upper port of 
the Tintic quartzite, therefore, may be Middle 
Cambrian, but its intermediate geographic posi¬ 
tion between tho House ami Wasatch ranges 
suggests that its top is very near the boundary 
between Middle and Lower Cambrian. 

The exposed tliickness of the Tintic quartzite 
is estimated to be moro than 6,000 feet. Its 
baso is not exposed. This groat thickness is 
in marked contrast to the thickness of Cam¬ 
brian quartzite elsewhere in Utah. In the 
Big Cottonwood Canyon section, in the Wa¬ 
satch Mountains, there is u series of quartzites, 
shales, and conglomerates with a total estimated 
tliickness of 12,000 feet; but Blnckwtddcr 4 
has recently shown that only the upper 1,500 
feet or so of relatively puro quartzite is of 
undoubted Cambrian ago, and that it rests 
unconformably upon the remainder, which he 
assigns to the Algonlrian. Hintzo 5 has moro 
recently stated that the quartzite above the 
unconformity is only 700 feet thick. In the 
Onuqui and .Simpson mountains, west of the 
Tintic district, the same general relations— 
pure quartzite with intercalated beds of lime¬ 
stone carrying Cambrian fossils ubove a great 
thickness of relatively impure quartzite, slialc, 
'and conglomerate—were found by tho writer 
during reconnaissance work in 1012. No 
special search for an unconformity and no 
measurements of thickness were made. Tho 
upper quartzite, however, is far from being 
6.000 feet thick. The quartzite exposed in the 
House Range and Blacksmith Fork sections is 
less than 1,500 feet thick and has no features 
suggestive of pre-Cambrian age. In com¬ 
parison with tiiis evidence, tho Tintic quartzite 
is of sufficiently uniform character and purely 
quartzose composition to be classed as Cam¬ 
brian, but it is much thicker than any com¬ 
pletely exposed sections of Catnbriun quartzite. 
If therefore remains an open question whether 
the deposition of sandy sediment in Cambrian 
time began earlier and progressed much more 
rapidly or longer in the Tintic district than 


Bladtw.WCT, Wat,Mr Ujbt an lb* |H% oftkn WasiKh Moon. 
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elsewhere, or whether a considerable part of tho cent net is obscured by talus, has in places 
the Tintic quartzite in reality includes strata developed relations, suggi-stireof unconformity, 
of pre-Cambrian age, much more purely quartz- Tibs is especially true north of Eureka Gulch, 
ose than in other sections and essentially idea- where much of the slate, in two places all ot it, 
tieid in character with tho Cumbrian quartzite, has bom overridden by tho quartzite, or the 
A search for evidence of an unconformity in slate has been locally thinned and bulged hv 
the quartzite was made on Quartzite Ridge,, compression during folding, 
but nothing was found except a few small, Its continuation south of Mammoth Gulch 
well-rounded quartzite pebbles. is represented by a few blocks of black Uornfols 


l 2 3 4-5 6 



Figdhs 4,—Staetton* showing variations lu strata of tho Ophir formation. 


OPHLR FORMATION (MIDDLE CAMBRIAN;. 

DISTRIBUTION. 

The Ophir formation, named from the mining 
town in the Oquirrh Mountains, 1 comprises 
shales, or locally slates, and a little sandstone, 
with intercalated beds of limestone. It crops 
out as a narrow band along tho east side of the 
Tintic quartzite. Its relations to the quartzite, 
where the contact is well exposed, are conform¬ 
able; but compression faulting, especially where 

1 TIicuutuo OpfitT formal i-tn ho-u V«*>n proper***! B, 8. Butler,of tho 
Unltt-t Sut*s Go- logical Survey,wllll whom tUmvrltor was &.**ocia(<vl 
during tflliund j'JUjin a xtudyofthe orodejo- \t*of I'UUl. The forma, 
tion isutturly n .« rywb *ropre*-rntin thenuigt^ olcentralUtJil,overlying 
Ihe rpiarl .ito, »in 1 ut Ophir i.5 not only well oxpn?^.l an j ol t'afuiiUly 
determine I u*t» hut ijuilso ol cou*l leraMe'L'omorr.ic important*’. Tho 
lower |nvri of tho form-.tioo ot Ophir is Lower Cambrian, Iho ixu»uln*ier 
Middle CambniLn. 


included in tho monzonito. Eust of Knight- 
ville the 700-foot level of tho Tintic Standard 
nbne shows about 20 feet of decomposed shalo 
overlying quartzite. A considerable thickness 
of shale in tho stratigraphic position of the 
Ophir was noted by the road fork to the south 
of the Tintic Standard. It is also exposed 
cast of tho Tintic quartzite- on Long Ridge. 

TUICKXKSX. 

Tho thickness of tho Ophir formation appeals 
to vary greatly, us shown on the map (PI. IV) 
and in figure I. Tho apparent variations are 
duo partly to faulting, most of tho faults on tho 
quartzite contact not extending across the 
slates into the intercalated or overlying lime¬ 
stone beds. Variations in true thickness aro 
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also shown in figure 4, section 2 of which shows 
the upper slate bed pinching out. Tins may 
bo an original feature or a secondary local ('fleet 
of compression. The marked difference 
between the lower slate meirihors of sections 1 
and 2 is also thought to bo due largely to fault¬ 
ing or compression, that in section 1 being 
either overridden by the quertzito or more 
probably locally thinned. Just north of the 
locality of section 2, where the quartzite con¬ 
tact swings westward, a prospect hole has 
exposed slate overridden by quartzite. The 
slato is also overridden at it place half a mile 
north of Euroku Gulch and ut u not her place 
three-fifths of a mile north of Jenny Lind Can¬ 
yon (PI. I). At the latter plucc u prospect 
shaft sliirts in quartzite, but its dump shows 
only the limestone that overlies the shnlo, prov¬ 
ing that the quartzite forms only a veneer over 
shale and limestone. No exact comparison can 
he inailo hotwcon sections 2 and 3, on opposite 
sides of Eureka Gulch, but it scorns probable 
that the upper slate beds in each mark the same 
horizon. Sections 3 and 4 and prolmbly sec¬ 
tion (5 are definitely correlated by a thin hut 
persistent bed of gray massive limestone 
underlying tho upper slate, and tho lensliko 
character of the different lower members is 
strongly suggested. Tho thickness in these 
sections, measured from the top of the Tintic 
quartzite to the top of the uppermost, slate bed, 
is in section 1,353 feet ; section 2, 400 feet; sec¬ 
tion 3, 473 feet; section 4, 403 feet; section 5, 
' 150 leot (+ ?); section G, 21)7 lent, A section 
measured on Long Ridge, east of Goshen Valloy, 
during the earlier survey gave slate 450 feet, 
quartzite (brown micaceous sandstone ') 150 
feet, sin to 200 feet; total, S00 feet. Whether 
this measurement denotes apparent or trno 
thickness is not. stated. Tho limits of the for¬ 
mation arc arbitrary, as the. intercalated lime¬ 
stone beds are identical in character with beds 
in tho overlying Teutonic limestone. 

MTHOLlKSV. 

Tho impure sandstone near or at the bnse of 
ttte formation is green where fresh to dark 
brown where weathered, lino grained, thin 
bedded to slaty, and more or less slickonsided 
in the direction of the strike. Its conspicuous 
m un-nils nro quartz and ferruginous calcito, and 
the weathering out of calcareous cement from 
among the grains leaves fine rust specks of 
ferric oxide. 


tintic MINING DISTRICT, UTAH. 


The shule or slate is like tho sandstone in 
color, is in many places banded, and for the 
most part shows marked eleuvago or fissile 
structure in one or two directions, usually at 
low angles to the. banding. It is slightly to 
markedly micaceous. The banding is due to 
alternation in tho composition of successive lay¬ 
ers, the chief lioticoablo difference being in the 
amount of calcium carbonate. Sonic layers 
are almost free from it: others arc nearly puro 
limestone ana are miniature intercalated 
limestone bods. 

Tho limestone beds arc dark bluish gray to 
nearly black, banded or mottled with light 
brown, and in places weather to a red residual 
soil. It appeal's from the presence of prospect 
holes in red gromid that tho color may have 
boon mistaken for mineralization, but the color 
is duo to red clay impurity or perhaps to somo 
iron carbonate in the original rock and is not 
necessarily connected with ore deposition. 
Most beds are more or less distinctly banded. 
Somo are very strongly striped or ribboned, the 
ribbons ranging from one-eighth of an inch to 
2 inches in thickness; others are so tliiidy 
banded as to become shaly and to give a mot¬ 
tled effect on weathering. Some thin beds or 
lenses are spotted oil the weathered surface 
with dark concretionary growths ranging from 
grains the size of a pea down to typical oolitic 
particles. These spotted beds especially tend 
to weather to a red residual soil. All the gjicei- 
mons tested effervesce briskly when touched 
with dilute hydrochloric acid. The dark- 
weathering bands are somewhat carbonaceous 
but as a rule less argillaceous than tho light- 
weathering hands, which are highly argillaceous 
or arenaceous. 

CORRELATION. 


The Middle Cambrian age of most of the 
Opliir formation in the Tinl.ic district was 
proved in 1005 by Weeks, who found Obolus 
irmconnelU and 0. rotundatus 100 feet above the 
top of the Tintic quartzite. Walcott, 1 on the 
evidence of these fossils, doubtfully correlates 
the slates ut Tintic with the Howell formation 
(chieily impure limestone bur including a shale 
member at its base) of the House. Range sec¬ 
tion, about SO miles to the southwest. Tho 
hthologic variations of tho formation in the 
Tintic region, however, would correlate the 
thick lower shale with the Pioche shale (Lower 
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Cambrian ) 1 of the House Runge, the middle 
limestone member with the Langston (?) lime¬ 
stone, and the uppermost shale with the shale 
at the baso of the Howell formation. The con¬ 
trast. between paleontologic and lithologic evi¬ 
dence is shown in the correlation (able opposite 
page 31 and in figure 5. The beds in the 
Tiutic region have not yet yielded fossils by 
which they may be correlated with the Black¬ 
smith Fork section of northeastern Utah," hut 
lithologically, as well as stratigruphienHy, they 
are approximately equivalent to the Laugslon 
limestone and the lower part of iho Uto lime¬ 
stone. Walcott also regards the formation pro¬ 
visionally, on paleontologic evidence, ns equiva¬ 
lent to the shale and limestone 100 to 325 feet 
above the Lower Cambrian quartzite in the 
Big Cottonwood Canyon section of the Wasatch 
Mountains. The lowest 100 feet of the slate in 
the Tin tic district may be, like the. lower beds' at 
the type locality, Oplur, of Lowcr Cambrian age. 

TEUTONIC LIMESTONE (MIDDLE CAMBRIAN). 

The Teutonic limestone, named from Teu¬ 
tonic Ridge, is in fact an upward continuation 
of the limestone members of the. Ophir forma¬ 
tion and is well exposed from the town ol 
Robinson, in the lower part of Mammoth 
Gulch, northward except where it is overlain by 
a short aim of rhyolite west of Packard Peak. 
It is also exposed south of the road fork east 
of Burriston Canyon (PI. IV) and presumably 
on Long Ridge. The following, sect ions show 
its thickness as well ns its variations ami re¬ 
semblance to the limestone members of the 
Ophir: 

Sections of Ti atonic lime items , 

1- Suiidlo cake of Quart zit« indue. 

(A oontlmritlnu ot section I at Ophir formation. (Soo (1g. I.)] 

Foot. 


5. Dark gray (indy banded argillaceous limestone, 
cross-bed (led In upper part, weathering light 

pray. Ill 

-1. Dark-blue limestone with countless vein lota ... 77 

3. Fault breccia. 30 

2. Hark bluish-gray limestone with countless vein- 

lota... 170 

1. Dark bluish-gray limestone, thinly bedded, rib¬ 
boned, or luctt led with bands or small blotches 
of yellowiah-brown argillaceous material. I7t> 


5(16 


i !,. D. Burling I Can id* Gcol. 8 urvcy Mlk. Bull. 2 , Osol. *r. 17 , pp. 
VJO-EM, 19H> boa rsratlv .UscuswO Uw a*® <uvj .atunt of Iho riochit 
s)«ilouiul nsdnuinivl dial in the Hat*®, Or|\itrrh, nr 1 omlral Wreulch 
iu,.:.uuiii i U, loner ICO (e*t U Lower Cambrian uml Iho remain vit 
M lI® Cunihriiui. It Is prwdblo that the lower 120 lert ot the Ophir 
faruuitlrsi, width is nonln>si]lit>rc»ts, may be Loiter Cambrian. 

* Walcott, C. P., op. cit., pp. KS-Io3. 


Spur northwFki of Duumur shafi. 

(A caaitu'uotb" of •wII.m 4 of i ipliir lorwallon.) 

_ .... . Foot. 

7. same ns No. o in section 1.] 

li Dark-blue mottled shaly or Ibia-ltodderl limi'-l'JiiSt-f 

stone...I 

5 Linienlono like Xo. 5 iu section I, weathering 


light gray. 21 

1. Dark-bbu.-h ILmestono with light -brow nish bands. S7 

3. Mot I led shaly limestone. 26 

2. Dark-bluish limes tone with dark «pol« si/.e of jiea 

on weathered surface . (i-l 

I. Dark-blue limestone strongly striped with yel¬ 
lowish-brown ha utls. !15 


nut -f- 

The spotted (pisolitic) variety (Xo. 2 of sec¬ 
tion 2 ) is especially characteristic north of 
Eureka Gulch, where it forms thin lenses or 
beds. From Jenny Lind Canyon northward it 
is considerably silieified in places mid leaves a 
reddish soil or. weathering. The mottled shaly 
and (Ivin-bedded dnrk-bluo varieties aro per¬ 
haps i he. most conspicuous. In places 1 he shaly 
blotches or bands, usually yellowish brown, 
have weathered pink or rod, and tho rock is 
identical iu nppearunco with parts of the Her¬ 
kimer and Opohougu limestone. Where fault¬ 
ing has offsot the different hods, as north of 
Eureka Gulch, those close resemblances may 
easily cause confusion in tho stratigraphy. It 
is only by location of the Dagniar limestone 
and the top shale member of tho Ophir forma¬ 
tion that tlie mottled shaly variety of the inter¬ 
vening Teutonic limestone can ho accurately 
determined. A thin, very fine grained siliceous 
bed was noted nort h of Jenny Lind Canyon just 
south of the rhyolite contact. Tho Teutonic 
limestone has not yet 3 ’ielded mt)' fossils but 
lies between known Middle Cambrian beds. 

DAOMAR LIMESTONE (MIDDLE CAMBRIAN). 

Tho argillaceous Duginur limestone, named 
from tho Dagmar mine, extends, with inter¬ 
ruptions by numerous faults, from Mammoth 
Gulch to the. north boundary of tho Tinlic 
quadrangle, although from Jenny Lind Canyon 
northward it is for the most, part conceulcd 
beneath rliyolito and d 6 bris, It is also poorly 
exposed south of the road fork in the East 
Tiutic Cambrian urea and nlso just below the 
East Tintie Development Co.’s shaft. Its 
thickness is close to 100 feet throughout the 
mining district proper, but at the north bouiul- 
uj - 3 r of the quadrangle it is only about 75 feet 
thick. Its color on fresh fracture vanes in 
different layers from medium to dark gra 3 T , but 
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ila weathered surface in a uniform yellowish lo 

grayish white (PL XI. A). Some parts mo 
finelv banded and dark; others consist'» alter 
niting lenses or layers of dense oolitic medium 
gray rock, with > few conspicuous grains ot 
while ealcite suggest!vo of M remuaats. 
No recognizable fowifc have yet been found. 

Other’ beds in tho district also weather 
nearly white, but they are more dolnmilio and 
none arc nearly so thick us tho Dagmur bed. 
Tho Dugniar limestone is therefore the most 
distinctive horizon murker among tho lower 
formations in the district, and it is this bed 
winch serves more than any other to corre¬ 
late tho strut*! north and south of Eureka 
Gulch. It is also u sure indicator of faulting, 
us shown by the distribution of faults indi¬ 
cated oil the map (PL IV). Numerous faults 
doubtless exist elsewhere, but tho inclosing 
strata are too uniform or too indistinctive in 
character for their detection. 

HERKIMER LIMESTONE (MIDDLE CAMBRIAN). 


tintic mining district, UTAH. 

easily traced over the crest of the ridge end 
down tho north slope to tho General Logan 
shaft, where it bends sharply westward and 
becomes lost in a confusion of fault blocks and 
breccia. North of Eureka Gulch and west of 
Cole Canyon il is well exposed along the. back¬ 
bone of Bluebird Spur for nearly 8,000 feet, but 
farther north it is largely concealed beneath 
d 6 bris, though outcrops on spurs west and 
southwest of Porphyry Klat ami along the 
divide in the northwest corner of the, quad¬ 
rangle prove its continuity. U is also present 
in the East Tintic area, north of BuiTiston 
Canyon, where its stratigraphic position is 
considerably obscured by faulting. Ihe thick¬ 
ness, roughly measured, on the west slope of 
tho peak west of Eureka l J cak is about 175 
foot. In the northwest corner of the quad¬ 
rangle it. is about 200 foot. The apparent 
greater thickness in places north of Eureka 
Gulch is duo largely, if not wholly, to the fact 
that the dip of the bedding and the slope of 
tho surface, are in the same direction. 


The Herkimer limestone (see PI. XIII, O) | 
lies along the east side of tho Dagmnr lime¬ 
stone as far us tho south wall ol Jenny Lind 
Canyon, where it niiuerlies a thin covering of 
red soil. From this locality northward it is 
concealed beneath d4bl'is, except along tho 
divide near tho northwest corner of the quad¬ 
rangle. It is named uftcr the Herkimer shaft, 
oast of Quartzite Ridge. It is also present in 
tho liiuestono ureas of tho East Tintic district 
and oast of Burriston Canyon. Its thickness 
is from 225 to 235 foot, although in the second 
saddle east of Quart zito Ridge repetition by 
faulting gives it an apparent thickness about 
100 foot greater. It is for the most part the 
typical mottled shaly limestone, consisting of 
bluish-block dense carbonaceous limestone, 
mottled by thin discontinuous layers or 
blotches of yellowish-brown material rich in 
iron and clay. Tho blotches in places pass 
from yellowish-brown into reddish shades and 
givo tho rock a striking resemblance to the 
Opolionga liiuestono. It also resembles a huge 
part of the Teutonic, limestone. No fossils 
have been found in the Herkimer limestone. 

BLUEBIRD DOLOMITE (MIDDLE CAMBRIAN). 

IKSTlUDCTtOM AMD THICKNESS. 

Tho Bluebird dolomite is well exposed along 
tin 1 crest of the southward-sloping spur east of 
the Herkimer shaft (see PI. Xl, B) and is 


l.lTIlOLOr.V . 

The typical rock (sec PI. XII, A) is a dark 
bluish-gray fine-grained dolomite spangled 
with short white rods averaging 10 millimeters 
(two-fifths of an inch) in length mid 1 or 2 
millimeters in width. Individual groins of the 
rock proper average 0.2 to 0.3 millimeter; those 
of tho white rods are slightly courser. The rock 
proper shows practically no effervescence with 
cold dilute hydrochloric acid, but the whito 
rods give moderate effervescence, proving tho 
mixture of some free calcitc with tho dolomite. 
When dissolved in hot acid, the rock leaves a 
black carbonaceous residue and gives a distinct 
odor of hydrogen sulphide. Tho white rods 
are straight or slightly curved and mny bo tho 
remains of crinoid steins or corals, but uo trace 
of original fossil structure is preserved. A 
few beds at higher horizons, especially in the 
Opex dolomite and Ajax limestone, duplicate 
the Bluebird dolomite in appearance, but they 
aro nil much thinner and the rocks underlying 
and overlying them are of different types. 

COLE CANYON DOLOMITE (MIDDLE CAMBRIAN). 

IlIhTKIIIUnoN AND THICKNESS. 

ihe Cole Canyon dolomite is best exposed 
on tho first summit west of Eureka Peuk and 
is readily traced southward and northward 
to Mammoth and Eureka, gulches, rospec- 
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D. OUTCROP OF BLUEBIRD DOLOMITE EAST OF HERKIMER SHAFT. 













U. S. GEOLOGICAL SURVEY 


PROFESSIONAL PAPER 107 PLATE XII 



A SPECIMEN OF BLUEBIRD DOLOMITE SHOWING THE CHARACTERISTIC 

WHITE MARKINGS. 
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lively, although near Eureka Gulch if is con¬ 
siderably offset by faulting, and its charuc- 
1 eristic appearance is greatly obscured by 
brocciation and reddish discoloration. Thcro 
is a small exposure In contact with the intru¬ 
sive Swanson rhyolite in Mammoth Gulch at 
the east end of Robinson village. North of 
Eureka Gulch the formation is largely con¬ 
cealed, but the scattered exposures along the 
upper west slope of Cole Canyon are sufficient 
to prove its continuity to and beyond (ho 
north boundary of the. quadrangle, ns shown 
on the maps (Pis. I and IV). It is also ex¬ 
posed in the East Tintic district east and south¬ 
east of Knightvillo. Its thickness, measured 
just north of the Southern Eureka shaft, is 
500 to 510 feet, the top and bottom being 
arbitrarily placed at the. lowest and highest 
light-colored bed. 

j.nuoi.oev. 

The formation consists of a number of alter¬ 
nating bods, from 10 to 25 feet thick, with 
nearly while and dark-gray weathered sur¬ 
faces. The whitish weathered beds are me¬ 
dium to light, gray on fresh fracture. Some are 
dense and finely banded, resembling some parts 
of the Dagmar limestone; others am very 
finely crystalline, single grains averaging about 
0.2 millimeter in diameter, with scattered 
coarser white grains or patches, some of which 
suggest fossil remnants and others short vein- 
lots of dolomite and calcite. in healed fractures. 
When dissolve!I in hot hydrochloric acid (lie 
dense finely banded variety proves to be rather 
argillaceous, leaving small quantities of a light 
brownish-gray clay residue, and the finely crys¬ 
talline variety proves to bo a pure dolomite^ 
leaving practically no residue. 

The dark bluish-gray variety is still darker 
on fresh fracture and finely crystalline, single 
grains averaging 0.2 millimeter or loss in diam- 
otor. Some beds show fine bunding, and others 
obscure mottling or clouding; still others are of 
uniform color and texture. This variety in¬ 
cludes .« few thin fragmental layers (intru- 
forruationul conglomerates) and a few thin 
slinly hods. The typical rock when dissolved 
in hot hydrochloric, acid leaves a considerable 
residue of black carbonaceous material and 
gives off an odor of hydrogen sulphide. A par¬ 
tial analysis from one of these beds, given on 
page 628 of the earlier report, is as follows: 
SiO,, 8.77; Fc,0„ 0.49; CaO, 27.22; MgO, 18.58; 


( O; (calculated), 41.77; total, 96.7S per cent. 
A few white grains or patches have outlines 
indicative of fossils, us do also some small 
growths of chert; but the only recognizable 
fossils were found by Weeks in 1905. 

CORRELATION. 

The only fossil species identified is Oholus 
vtcconulU, found by Woeks 1,700 feet above 
the top of the Tintic quartzite. A similar fossil 
(Qbolut sp.) was found at the same horizon by 
the writer in 1913. Walcott,' on the strength 
of this evidence, correlates the beds provision¬ 
ally with thoMarjum limestone (the c member), 
between 2,225 and 2,475 feet above the thick 
basal quartzite in the House Range section. 
These relations are shown in the correlation 
table and in figure 5 (p. 31). 

OPEX DOLOMITE (UPPER! CAMBRIAN). 

MisramcTioN. 

The Opex dolomite, named from the Ojiex 
mine, includes several beds, mostly dark gray 
or bluish gray but of varying texture, none of 
which are sufficiently distinctive to bo trust¬ 
worthy horizon markers in working out the 
local stratigraphy. For this reason its position 
in the field can he determined only by recogni¬ 
tion of the Colo Canyon and the Emerald dolo¬ 
mite beds below and above it. It is ns a whole 
poorly exposed. A continuous section can he 
studied along the saddle west of Eureka Peak, 
whore its top is marked h v a thin bed of shale 
overlain by a bed of limestone conglomerate; 
hut north and south of this place it is mostly 
concealed by d6bris in draws and gulches. 
Part of it is probably present south of Mam¬ 
moth, but its identity there has been destroyed 
by contact motamorphism. The thin quartzite 
beds south of Mummoih, shown on the map 
(PI. IV), approximately mark its top in this 
1 vicinity. North of Eureka Gulch the Opex 
dolomite, is concealed by the alluvium in Cole 
Canyon and by debris-covered slopes farther 
north but is moderately well exposed on the 
top of the broad spur south of Porphyry Flat. 
Its boundaries as shown on the map of the 
mining district (PI. IV) are therefore largely 
estimated and not actually located. Near the 
north boundary of the quadrangle little or none 
of it is present, and strata of probable Ordo¬ 
vician ago rest upon the Cole Canyon dolomite. 
In the East Tintic district it caps tho low hill 


I WaJcotl.C. D., op. rlt., pp. I W, 1’I7. 
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at the northwest end of the limestone aron and 
may be obscurely exposed beneath tho Ordo¬ 
vician on the north side of Burriston Cunyon. 
thickness a no utiiolooic variations 

The exposed thickness and Lithologic varia¬ 
tions west of Eureka Peak are shown below: 

Section o/Ojax ihlomit, uttt nj Rttnia Peak. ^ 

Limestone conjrloinenile marking local lwec of 
Ajax limestone. 

5. Dark sillily limistone, mot tied or thinly banded, 
with tjiio hails of true whale. Resembles tho 
Herkimer limestone and I art9 of the. study 

Opoliongn limestone. * ° 

1. Dark-gray Rmmilar dolomite, somewhat crote- 

lieddeli. 92 

3. Light-gray granular dolomite, similar to the 
Emerald member of the \jax limestone, al¬ 
ternating with ami grading upward into 

greenish anti reddish (hale. 26 

2 Dark shaly limestone.-... 13-13 

I Dark-gray dolomite; same beds mottled, some 
with short white apanglesf like the Uluebird 
dolomite), aitne granular and finely cro&s- 
(H'dded, some spotted either with small dark 
included fragments or with carbonuceouR 
spots left by destroyed fossils. 172 

3SS-393 

This section represents a. portion of t he limc- 
stonn which lias probably been locally thinned 
by squeezing and faulting, and whose upper 
boundary is an obscure erosion surface. Tho 
ntup (PI, IV) and section (PI. V, section B-B') 
show the existence of obscure north-south faults 
mid also a greater thickness of tho bods in the 
lower workings of the Opex. The beds here 
are partly bulged by local contortions and flex¬ 
ing and probably also by the presence of a 
dowufatilled wedge, but the data at hand are 
not snfliciont to afford u detailed interpreta¬ 
tion of lhe structure, and the true thickness 
of the formation is therefore not known. 
'Iho formation is not well enough exposed any¬ 
where else in tho district to permit a check on 
the measurements given. 

The above section shows that any of the 
members may be confused with other fomm- 
Uons if lithologic character alone is considered. 
coHnnijmoa. 

Weeks in 1905 found fossils in the Opex dol¬ 
omite about 2,000 feet above the Tiutie quartz¬ 
ite, or somewhere within members 2 to 5 hi 
tho section just given, which he designated 
^porCamhnnn. Tlieso fossils were found 
about 300 feet above the Middle Cambrian 
fossihforous beds hi the Cole Canyon dolomite. 
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The boundary between Middle and Upper Cam¬ 
brian, however, oun not be definitely located 
within this 300-foot interval and is drawn arbi¬ 
trarily at the uppermost colored bed in the Cole 
Canyon dolomite. 

OBSCURE UNCONFORMITY AT THE TOP OP THE UPPER 
CAMBRIAN. 

Evidence of uu unconformity at- tho top of 
the Upper Cumbrian, though meager at any 
one place, is convincing when considered as a 
whole. Tho presence of quartzite and of lime¬ 
stone conglomerate with rounded pebbles (Ln- 
trafonualional conglomerate is also present) at 
tho base of the Ordovician (Ajax limestone) 
points to emergence at certain localities. Peb¬ 
bles of Middle to Upper Cambrian limestone 
have also been found in some conglomerate 
layers of the Opohonga limestone,which over- 
lies the Ajax limestone. A noteworthy occur¬ 
rence of this kind is in the isolated limestone 
area east of Knightvilio, where scattered peb¬ 
bles typical of the Bluebird dolomite and a few 
higher Cambrian horizons are embedded in 
argillaceous limestone. The largest of the 
pebbles noted was 4 inches in diameter. Their 
presence shows that the Cambrian strata were 
exposed to erosion during a considerable part 
of Lower Ordovician t ime. 

No angular discordance in the dip of bods 
has been found to mark the exact position of 
the unconformity, but the varying thickness 
and local absence of the Upper Cambrian, 
together with the evidence just presented, 
strongly suggest that although there is little 
or no discordance in dip, some irregular break 
separates tho Upper Cambrian from the Lower 
Ordovician strata. 

Tho extent of the unconformity boyond the 
limits of the East Tintio Range is not known, ns 
Ordovician strata have not been recognized, in 
the neighboring ranges and are probably lack¬ 
ing in at least some of them. In the extreme 
northern and the southwestern parts of Utah, 
as well as in eastern Nevada, Ordovician strata 
are reported as resting conformably on Upper 
Cumbrian strata. The unconformity between 
.tho Cambrian and Ordovician of the Tintie 
district is therefore evidently confined to cen¬ 
tral Utah, but nothing more can be said of its 
areal extent. 

REGIONAL CORRELATION OF THE UTAH CAMBRIAN. 

The accompanying correlation table gives a 
comparison of the Tintie Cambrian with Wal- 
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cott’s Cambrian sections in the House and 
Wasatch ranges. 1 

The contrasts in thickness are more clearly 
shown in figure 5. No satisfactory correlation 
of the basal quartzite, is yet possible, owing to 
the great difference between its thickness and 
that, of other (completely exposed) sections of 
Cumbrian quartzite. If the Tintio quartzite 
can be proved to be wholly Cambrian, its great 

i n in et 



Viclrk 6.—Columnar coiniluUoa auctions of tlio Cambrian of Vl:»h* 
II, TlnUo district; 111, II 14 Cotloowocd Uuuyon; 

I v r . Blacksmith i*ork. 

thickness will indicate a considerable diversity 
in elevation of the Cambrian laud. 

The variation in age of tho shale (or slate) 
just above the quartzite is shown by paloon- 
tologie evidence. It indicates subsidence of 
an undulating land surface which contained 
elevated portions in tho region of the northern 
Wasatch and Onaqui ranges and possibly in 
the Tintic district. Comparison of tho com¬ 
position of the Middle Cambrian rocks in the 
House Range, Blacksmith Fork, and Tintic sec¬ 
tions shows a relative abundance of shale in t ho 
first two and of dolomite in the last.. There is 
also a marked difference in thickness. Tho 
first two are about equal, and each is over 


twice as thick as the Tintic Middle Cambrian. 
The localities are too widely separated to war¬ 
rant an unroservod explanation, but it is per¬ 
tinent to point out certain possible relations to 
be tested by future work. Either the Tintic 
district was much farther from land than the 
other two and received less material, ms sug¬ 
gested by the correlation of fossils; or else it 
must have been elevated above sea level dur¬ 
ing a part of Middle Cambrian time, and in t hat 
case there may be at Tintic a concealed uncon¬ 
formity, either within the Middle Cambrian or 
between the Middle and Upper Cambrian. 

The Tintic Upper Cambrian is loss than oue- 
third as thick as the Upper Cambrian of tho 
Blacksmith Fork section and less than one- 
eighthlis thick as that of the House Range sec¬ 
tion. These differences are evidently dno to 
the Cambrian-Ordovician unconformity in tho 
Tintio district. 

ORDOVICIAN SYSTEM. 

AJAX LIMESTONE (INCLUDING THE EMERALD DOLOMITE 
MEMBEB). 

DIKVnilU THIN AM) THICKNESS. 

The Ajax limestone, named from the Ajax 
mine, is for the most part a dark bluish-gray 
eherty magnesian limestone but includes, 90 
feet above its base, a creamy-white dolomite 
bed of considerable stratigraphic and struc¬ 
tural importance,here named the Emerald dolo¬ 
mite member, after the Emerald mine. 

Tho lower 90 l’eet. of the formation consists of 
dark-gray clouded dolomite or higldymagnesian 
limestone, partly cross-bedded and partly con¬ 
sisting of (bin conglomeratic beds, containing 
many tliin lenses and nodules of light-gray 
chert. The dark clouding or mottling in bods 
near the base is of interest owing to its asso¬ 
ciation with fossil remnants—white, partly sili- 
cified rodlike and branching fragments resem¬ 
bling annelid borings. (Sec PL XII, It.) 
These fragments have broad black borders, 
more carbonaceous than the. rest of the rock. 
Iu some of these fragments none of the origi¬ 
nal fossil is now visible, but the carbonaceous 
mottling murks its former presence. Besides 
carbonaceous matter hydrogen sulphide is also 
present, and can he detected by its odor when 
the rock is broken or dissolved. Tho cross- 
bedded and conglomeratic character and the 
presence, of the quartzite beds south of Mam¬ 
moth are of special interest as partial indica¬ 
tions of an unconformity. 


1 Walcott, C. D., tip. cit., pp. HS-I5K. 
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The Emerald dolomite member is ;i persist¬ 
ent bed of almost pure dolomite, for tbo most 
part fine grained but containing small patches 
and vcinlefis of coarser grain. It is trorn 30 to 
‘10 feet thick and is continuously exposed from 
Mammoth to Eureka. Near the Centennial 
Eureka shaft it is offset westward for about- 
1,000 feet by ft combination of faults. North 
of these faults it lies just west of the Centen¬ 
nial Eureka and Eureka JFills shaft but. is 
mostly concealed beneath debris. North of 
Eureka Gulch it is almost entirely concealed 
but bus been recognized along the west slopo of 
the 7,778-foot peak on tho divide in the north¬ 
western part of the Tintio quadrangle. South 
of Mammoth its identify has been destroyed by 
<•<> 1 ) t act motamorphisn:. 

Tho limestone above the Emcndd dolomite 
member is mostly lino grained, chcrty, and 
high in magnesia. Its upper part, however, is 
distinctly calcareous, as shown b\ r the following 
analysis, quoted from the earlier report :' SiO,, 
‘1.33; Fc,0„ O.li.'i; CaO, 52.34; MgO, 0.00; CO, 
(calculated), 41.78; total, 99.08 per cent, It is 
well exposed throughout the district from Mam¬ 
moth northward to a point within nmiloof tho 
north boundary of the quadrangle. Close to this 
boundary it. seems to have locally thinned or to 
have merged in appearance with the overlying 
Opohonga limestone, which is hero unusually 
thick. It is also prescntsouthcastof Mammoth, 
but its character in that area is much obscured 
by mntamorphism. It has been noted at, the 
southeast extremity of the Ordovician areu 
just north of Burriston Canyon and along the 
southeast base of Pinyon Peak. 

I lie best exposures in tho mining district nro 
on tho spurs extending southward from Eureka 
I’euk and northward past tho Centennial En- 
icku shaft house. Its upper part merges so 
gi aduallv into tho Opohonga limestone that no 
definite boundary can be drawn, and measure- 
nionts of thickness, even in sections ueur to¬ 
gether, dilbir by several feet. Tho transition 
■s well shown on the west slope of Eureka Peak 
Here the typical chcrty limestone passes into a 
rather thin band of shaly limretono of the 
Opohonga type; this is followed by a rather 
fine to course grained gray limestone, which in 
turn passes into a lighter-gray variety con¬ 
taining thin lenses of chert; the latter passes 
mto the sludy Opohonga limestone, the lower 
H ' li 1 of wluoh IU ‘ C cbe rty. As nodides and thin 

' n P- wi. 


lenses of chert are the characteristic feature of 
tho greater part of the Ajax limestone, the dif¬ 
ficulty of determining its upper boundary is 
obvious. The thickness between the Emerald 
dolomite member and the lowest shaly lime¬ 
stone of the Opohonga type is about 410 feet. 
North of Eureka Gulch there is less variation of 
texture in the upper part of the Ajax but the 
lower beds of the Opohouga limestone, are more 
persistently chcrty and the line must bo drawn 
according to the relative prominence of chcrty 
or shaly character. The contact cast of tho 
Black Warrior prospect and to the north may 
be anywhere within a zone 100 feet wide. 

AGE AXD CORRELATION 

The only fossils found in tho Ajax limestone 
wero a few poorly preserved gastropods col¬ 
lected at the southeast base of Pinyou Peak. 
These have been determined as StraparoTbui? 
sp. by Edwin Kirk, who states that they 
strongly suggest a form found in the Pogonip 
limestone of Nevada. The occurrence of lower 
Pogonip fossils in the overlying Opohonga 
limestone thus places the Ajax limestone close 
to the base of the Ordovician. 

OPOHONGA LIMESTONE (LOWEH ORDOVICIAN). 

DISTRIBUTION AND TIUCKNIJ.vS, 

The mottled shaly Opohonga limestone, 
named from the Opohonga mine, is persis¬ 
tent and is easily identified by its character¬ 
istic appearance and relatively great, thick¬ 
ness. It con be traced with no interruptions, 
except in Eureka and Mammoth gulches, 
from the north boundary of the district to 
tho East Star prospect, a mile southeast of 
Mammoth. Southeast- of Mammoth its base 
is obliterated by contact mctamovphism and 
mincialization, which have uiTcctcd a greater 
and greater thickness until at the East Star 
piospect only the topmost beds cun bo identi¬ 
fied. It is also present in the East Tintic 
district, forming the isolated limestone area 
east, of Knightsville and parts of tho Ordo¬ 
vician strata around Burriston Canyon, Ho- 
mausvUlc Canyon, and the lower cast slope of 
Pinyon Peak. The exposure at Burristou Can¬ 
yon has been subjected to niotumorphisra and 
has lost most of its distiuevive characteristics. 

The indefinite location of the lower con¬ 
tact of the formation, with the Ajax lime¬ 
stone, has already been mentioned. Its upper 
contact, though conformable, is sharply de- 
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fined. The thickness at Eui*eka Peak is 825 
feet. At Mammoth, east of tho Sioux Ajax 
tunnel, tho thickness of the recognizable rock 
is approximately 740 feet, the difference of 
85 feet being perhaps due in large part to 
the indefiniteness of the lower contact and 
to the effects of contact metainorphism. 
In the northern part of the district, west of 
the Pnxman shaft, the thickness is approxi¬ 
mately 700 feet, but at tho north boundary 
of the Tin tic quadrangle the formation appears 
to be at least 1,000 feet thick, though, as 
already suggested, this thickness may include 
a considerable part of the Ajax limestone, 
which is there poorly defined. 

LITHOLOGY. 

Tliis rock hus a striped to mottled or mosaic 
appearance (see PI. XIII, B, CO, bands or 
short lenses of medium to light gray limestone, 
alternating with bands of yellow to red argil¬ 
laceous material. These colors, however, are 
due to surface weathering; the rock in the 
underground workings of the Eagle and Blue 
Bell and the Victoria mines is of uniformly 
liglit-gray color (“white lime”) and is not 
at first easily recognized. It is characteristic 
for the gray limestone to form eye-shaped 
bodies, or short lenses, from 1 inch to 2 
or 3 inches long, separated by finely banded 
ribbons of yellow to red shaly material. 
The prominence of red coloring is as a whole 
persistent and in this respect the Opohonga 
limestone differs from the Teutonic and 
Herkimer; but where the Opohonga is de¬ 
ficient in red or where the other two limestones 
show unusually large amounts of it, the three 
may be easily confused. The gray limestone 
bands or lenses of the Opohonga limestone are 
as a rule of lighter shade than those of the 
other two, though this difference is not con¬ 
stant and is not a safe criterion for distinguish¬ 
ing among them; but where colors are con¬ 
fusing the great relative tliickness of the 
Opohonga limestone and its contacts with 
the cherty Ajax limestone below and the Blue¬ 
bell dolomite above serve to identify it beyond 
dispu te. 

Another noticeable feature of the Opohonga 
limestone is the great number of thin beds of 
conglomerate it contains, most of them intra- 
formational. The fragments included in the 
conglomerate are flakes of the gray linie- 
104355*—19-3 


stone, and their occurrence suggests that 
thin layers of the calcareous mud after depo¬ 
sition were exposed to drying and shrinkage 
and became cracked into fluky fragments 
which were moved and redeposited when 
the next luyor was formed. No mud crocks 
or other marks characteristic of such con¬ 
ditions have been identified, but- the nearly 
vertical position of the beds is not favorable 
for their exposure even if any are present. 

Other conglomerate beds contain rounded 
pebbles representing underlying formations. 
The best example noted is in the isolated area 
east of Kniglitville, where there are a few 
pebbles, the largest, 4 inches in diameter, of 
dark-bluish dolomite with white spangles 
typical of certain Middle and Upper Cambrian 
beds. The significance of these pebbles in 
connection with the Cambrian-Ordovician un¬ 
conformity is stated on page 30. 

The rock effervesces briskly when touched 
with cold dilute hydrochloric acid and develops 
a furrowed surface owing to the more rapid 
solution of the less argillaceous laminae. When 
completely dissolved it leaves a large residue 
of dark-gray to light-brownish clay. This 
brief chemical test is the safest means of 
distinguishing tho rock underground from 
light-gray members of the overlying Bluebell 
dolomite. The latter gives little or no effer¬ 
vescence on fresh surfaces and leaves only a 
small gray residue. 

CORRELATION. 

A few poorly preserved fossils wore found on 
the east slope of Eureka Peak, about 100 feet 
below the base of the. Bluebell dolomite. These 
have been determined by Edwin Kirk as Dal- 
mci7U.Ua cf. D. hcimlurgensis Wolcott, Cyrtolites 
sp., Opl'ilcta sp., and Asaphus sp. (fragments), 
and are assigned by him to the lower Pogonip. 
(See paragraph on correlation of the Bluebell 
dolomite, p. 35.) One very poorly preserved 
gastropod was found north of Burriston Can¬ 
yon. This.also suggests the Ordovician but is 
otherwise indeterminable. In color and tex¬ 
ture the rock (see table facing p. 30) has some 
resemblance to tho 285 feet of Ordovician 
limestone which conformably overlies the Cam¬ 
brian in the House Range, and it is also similar 
in general appearance to much of tho Pogonip 
limestone of Eureka, Nev. These lithologic 
similarities, though not trustworthy data for 
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correlation in themselves, are of interest iu con- c 
nection with the paleontologic data. c 

8L «BEIX DOLOMITE (LOWER TO UPPER ORDOVICIAN, ( 

distribution. I 

The Bluebell dolomite, named trom the Bluo 1 
Bell mine, is the most extensively exposed for- » 
mation in theTintic district proper. It crop i 
out continuously from the base of Packard 1 oak 
southward to Eureka Gulch; a small isolated > 
patch is barely exposed m the middle of the ■ 
Lmlch • from Eureka it extends southward to the 
head of Mammoth Gulch, and thence it swing* « 
southeastward as fur as Sioux Pass, where it is 
covered by volcanic rocks. In the East Tintic 1 
district it is exposed both north and south of 1 
Burris ton Canyon, but its characteristic appoar- 
ftnee is largely destroyed by bleaching and 
partial rccrj’stullizaUon due to slight contact 
metamorphism. It is also exposed oil both 
sides of Hoinansvillc Canyon and makes up the 
greater part of Pinyon Peak. 

THICKNESS. 

The base of the Bluebell dolomite is every¬ 
where sharply defined against the Opohongu 
limestone. Its top is marked in most places 
by a thin qiiartzitic blind (the Victoria quartz¬ 
ite), which has boon noted at intervals from 
the northern part of the district southward to 
the slope below Marnmotli Bluff and which is 
regarded as the basal formation of the Missis- 
sippian, resting unconformably on the Ordovi¬ 
cian. Where this quartzite band is not ex¬ 
posed it is impossihie to separate the Bluebell 
sharply from the lower beds of the Gardner 
dolomite (Mississippian) and the upper limit is 
arbitrarily drawn at the highest exposed light- 
colored bed. On Pinyon Peak the Bluebell 
dolomite is overlain by the Pinyon Peak lime¬ 
stone of Devonian age. 

The thickness of the Bluebell dolomite can not 
be accurately stated. It is approximately 900 
feet north of Eureka and it appears to be only 
700 feet cast of Eureka Peak; but in many 
places it appears much greater, owing to local 
flattening of tho dip, to probable faulting, or to 
actual variations in thickness caused by tho 
unconformity at its top. The most, conspicuous 
of those places is tho spur northeast of the Mam¬ 
moth mine, where the apparent thickness is 
more than double that east of Eureka Peak. 
No faults of considerable size could bo recog¬ 
nized here on account of the general unifo rmity 


of tho beds, but tho rock is much shattered and 
contorted. The overlying Victoria quartzitic 
beds show no pronounced offset, and the only 
reasonable way to account for tho gi eat oc 
thickness of the Bluebell dolomite is by attribu¬ 
ting it in part to tho unconformity and assum¬ 
ing the occurrence of block faulting which ias 
caused repetition of the beds, os suggestid in 
Plate V, section B-B. The apparent difference 
in amount of offset along tho mapped faults 
north and south of the Mammoth mine is duo 
to the flatter position of tho beds near the 
southern fault. 

[n the northwestern part of the Tintic quad¬ 
rangle, about half a mile from the north bound¬ 
ary, the thickness is at least 1,000 feet. On 
the cast slope of Pinyon Peak a rough estimate 
gives 1,100 feet or more, but the upper 400 feet 
may include Silurian or Devonian strata. On 
tho long spur north of Pinyon Peak the total 
apparent thickness seems to have been increased 
by faults, but the faults ore concealed, and the 
exact conditions can be determined only by 
very detailed work beyond the limits of the 
quadrangle. 

LITHOLOGY. 


The Bluebell dolomite comprises an alter¬ 
nating series of beds that weather light and 
dark bluish gray, mostly of lino-grained but in 
part of medium to coarse grained texture. 
The fresh surfaces of both arc medium to dark 
gray or bluish gray. Some beds, especially of 
tho lighter variety, are finely banded. Some 
dark hods are mottled with extra dark car¬ 
bonaceous blotches. Both varieties so far 
os tested are dolomitic, yielding almost no 
effervescence whon touched with dilute hydro¬ 
chloric acid. The difference in the color of 
their weathered surfaces is duo to the presence 
of nioro carbonaceous matter in tho darker 
variety. Some of tho lightor-colored bods are 
practically pure curbonato; others when dis¬ 
solved leave a small gray residue of clay. 
Between 100 and 200 feet above the base of 
the formation, throughout tho district, tho 
bods, both light and dark, contain a number of 
small nodules and thin seams of chort. There 
are also m places small patches, many of white 
sparry dolomito and somo of chert, wliicli ero 
evidently altoved fossil fragments; but no 
identifiable fossils have been found associated 
with them. Tho Bluebell dolomite resombles 
tho Colo Canyon dolomite in goneral lithologic 
character but can bo distinguished by its 
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greater thickness and by the character of the 
formations below and above it. 

Certain local conditions, however, are likely 
to cause confusion of these two similar forma¬ 
tions. Thus the Eureka Gulch fault has placed 
the Bluebell dolomite on the north almost 
directly in lino with tho Cole Canyon dolomite 
on tho south, and tho fact that ore channels 
have boon followed across tho gulch without 
conspicuous offset may easily lead to eorrela- 
tion of tho two dolomites as parts of one forma- 
tion; hut tho succession of formations, as 
shown in Plate IV, proves that the two are in 
fact different. Another chance for confusion 
of the two dolomites exists in tho East Tinlic 
district, north of Burriston Canyon, where 
fault mg has brought the two near together and 
contact metnniorphisin has obscured (heir 
characteristic appearunco as well as that of 
tho intervening strata. 

CO [I R K LA TION. 

Two lots of poorly preserved fossils wore 
found in the Bluebell dolomite directly east of 
Eureka Peak. Tho specimens in the first lot, 
from the bottom bed, have been identilied by 
Mr. Kirk as Maclurea annulata Walcott and 
Helicotoma sp. He states regarding these and 
tho fossils found in the Opohonga limestone: 

Although the (brails are pcor they show that the-so faunas 
are undoubtedly of Beckman town (Lower Ordovician) 
age. lu the West they can be correlated with toe lower 
Pogonip of Nevada, the Garden City limestone of north¬ 
eastern Utah, and the El Paso limestone of Texas. 

The second lot, fonnd in tho middle part of 
the dolomite on the summit of a low knob, 
contained only one recognizable form, Sole* 
rtopora sp. One specimen of OriMs sp. was 
found on the north side of Homansvillo Can¬ 
yon just, btdow the basal Mississippian beds. 
Regarding these two fossils Mr. Kirk says: 

The fossils in these two lots indicate post-Bcekmantown 
Ordovician. Sohnopora, supposedly a calcareous alga, is 
typically post - Bo ek mar, town. and the Ortki* Curls its 
closest ally in rocks of Stones River age. 11 is probable 
that the upper Togonip curries post-Beekmantown Ordo¬ 
vician, with which these beds may be correlated. 

On the southeast slope of Pinyon Peak a few 
indeterminable gastropods and a specimen of 
StrepUTa&ma sp. were found at horizons 400 
foot and more below tho top of the dolomite. 
The Slrepklasma, according to Mr. Kirk, 
“points clearly to tho Richmond age of the 
containing beds. They may be correlated 
with the Lone Mountain limestone of tho 


Eureka district, Nev., and tho Fish Haven 
dolomilo of northeastern Utah." 

The Bluebell dolomite' therefore ranges from 
lower to Upper Ordovician, and it. is possible 
that the upper 400 feet at Pinyon Peak may 
include Silurian or Devonian strata. The gen¬ 
erally uniform character of the formation, how¬ 
ever, and the rather widely separa ted horizons 
at which fossils of critical stratigraphic valuo 
have been found leave no convenient, means 
for dividing it definitely into members. 

According to Richardson 1 the Lower to 
Upper Ordovician is represented in northern 
Utah in the vicinity of Bear Lake by the fol¬ 
lowing strata, named in ascending order: 
Garden City limestone, 1,000 feet thick; Swan 
Peak quartzite, 500 feet thick; and Fish Haven 
dolomite, 500 feet thick. According to Weeks s 
Ordovician beds, including limestone overlain 
bv quartzite, are present in the northern part 
of the Wasatch Mountains end rungoin thick¬ 
ness from 500 to 2,000 feet in tho country cast 
of Ogden, hut. thin and, in places, disappear 
south of the latitude of Suit Lake City. 

Tire writer 3 failed to find nuy strata equiv¬ 
alent to the Ordovician of the Tintic district 
daring reconnaissance work in the sou them 
half of the Wasatch Mountains, and Emmons 
and Spurr 4 did not recognize any in the Oquirrh 
Mountains. In the. House Range’ only 285 
feet, topping the Cambrian section, has been 
left by erosion. In the San Francisco and 
adjacent districts of southern Utah, according 
to Butler," limestone and dolomite of Lower 
Ordovician ago are present, passing upward 
into limy shale, and quartzite. In the section 
ut Eureku, Nev., 7 the type locality of the 
Pogonip limestone, the Pogonip is 2,700 feet 
thick and consists of a basal series of inter- 
stratified limestone, argillaceous beds, and 
sandy beds, which pass upward into distinctly 
bedded purer fine-grained bluish-gray lime- 

1 Rlchardsoo, 0. B., Tim Butanoic Mellon In northern Utah: Am. 
Jour. Sol.,4th x-r., vnl. 30, pp. 407-111). 1013. 

i Weeks, 'F. D., r 'bcr:pbau* dop'd Li la tho western United Slates: 
U. S. Oool. Survey Bull. 315, p. 451, OKI; obi Phosphate dopaslla oust 
0 ! Ogden. Utah: U. S. Cool. Survey Bull. 4.W, p. 350, 1910. 

• Leughlln,fi. K., Rcporrnnte- 1 nee In those-it hern WnsitchMu'inLnins, 
Utah: Jour. GooJ«y, vol. 21, pp. <30-152, 1013. 

• Spun, J. E., Economic ecology a! tho Morvur mining district, Utah, 
with liilroductlon by 8. V. Kmmous: U. S. Cool. Survey Sixteenth 
Ann. Kept., pt. 2, p. 3B2,1*6. 

a Walcott, C. D., Cambrian nrochlopodo: U. 3, (loot. Survey Mon. 
01, p. 153, 1912. 

• Cutler, B. 8., ecology and ore deposits of tho San Pr. 1 r 1 cb.co and 
adjacent district.', Utah: U. S. G«ol. Survey Prof. Paper SO, pp. 28-32, 
1913. 

T naguo, Arnold, Goology of the Eurokn district, Nev.: U. 8. Gcol. 
Survey Mon. 20, p. 13, 1802. 
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stones. The typical Pogonip section is thus 
much thicker than its equivalent in the Tin- 
tic district and consists of highly fossiliferous 
limestone, whereas t he ’1 in tic section is poor in 
fossils and its upper part is dolomitic. In the 
passage from a lower impure to an upper 
purer and distinctly bedded limestone, the two 
sections are similar. 


DEVONIAN SYSTEM. 


PINYON PEAK LIMESTONE (UPPEHI DEVONIAN). 

The only recognized Devonian rock in the 
Tin tic district is a hand of shaly limestone 
about 150 feet thick, exposed nlong the upper 
eastern slope of Pinyon Peak from its blunt 
eastern spur south westward to its base (PI. I) 
and designated the Pinyon Peak limestone. 
It was not seen on the north spur of the peak. 
On the east spur of the peak it is separated 
from the base of the Miasissippian by a very 
slight angular unconformity and rests con¬ 
formably upon the Bluebell dolomite. On 
the north spur the basal quartzitic beds of the 
Mississippian rest on dolomite of Ordovician 
or later age, and to the south, at Homnnsville 
Canyon, tho Mississippian rests on Middle 
Ordovician dolomite. 

The Pinyon Peak limestone is very similar 
in general lithologic character to the Opo- 
honga limestone. Its bedding surfaces pre¬ 
sent many markings, including mud cracks, 
flattened shaly flakes, and possible worm trails. 
Fine fossil fragments are also abundant but 
only a few recognizable forms were fonnd. 
These were determined by Mr. Kirk as Pbu- 
Totomaria sp., CgathophijUum so., lihombcrpcra 
sp., and Spiriftr sp. They indicate Upper 
Devonian (Throeforks?) age, but none of them 
nro of sufficiently critical value to render this 
correlation final. 

As already suggested, the upper 400 feet of 
the. underlying dolomite may be wholly or in 
part of Devonian age and in that caso may bo 
correlated, on both stratigraphic and litho¬ 
logic grounds, with the. Jefferson dolomite. 

The occurrence of Devonian strata in tho 
Tintic district is of interest ns an indication of 
the former continuity of tho Devonian over an 
moa in \\ Inch it has heretofore not been found. 
'Dio Jefferson dolomite (or limestone) has been 
shown by Kindle 1 to extend southward into 


1 Krai I.- E. aim* uni stralloapliy oflhe Jeffuvui Itmcriloi 

l “'" ,r1b ' r -’ R «Vy Mouululn iv*lon: Dull. Am. I iteuHehn v< 


Utah, and beds at both tho Jefferson and Thrco- 
forks horizons have been identified in tho Ran¬ 
dolph quadrangle of northern Utah by Rich¬ 
ardson.’ Strata equivalent in stratigraphic 
position and lithologic character have been 
found by Bluckwoldor ns far south as Mount 
Morgan, in northeastern Utah, 3 and recently 
Hintze * bos described a series of fossiliferous 
Devonian strata 1,000 feet thick, which ho cor¬ 
relates with the Jefferson, in the Cottonwood 
mining district of the central Wasatch Range. 
This series rests in apparent conformity below 
Mississippian beds, but contains no strata sug¬ 
gestive of Three-forks age. 

The nearest occurrences of Devonian strata 
to the south and west of tho Cottonwood dis¬ 
trict are, so far as published descriptions show, 
in tho San Francisco district of southwestern 
Utah and tho Eureka district of eastern Nevada. 
In the San Francisco district Butler 5 has 
found a dolomitic limestone, 1,500 feet thick, 
of undetermined ago (Silurian?, Devonian?), 
overlain hy a calcareous fossiliferous shale, 50 
feet thick, which rests conformably beneath the 
Mississippian. The fossils in the shule prove it 
to he Upper Devonian. Xu the Eureka dis¬ 
trict, Nov., Hague' found 6,000 foot of Lower 
to Upper Devonian limestono .overlain by 
Upper Devonian shale. Tho Tintic Devonian 
helps to bridge the gap between these two local¬ 
ities and those in the Wasatch Mountains, but 
its thinness compared to tho other sections sug¬ 
gests that the Devonian sea was in places un¬ 
usually shallow and may not have been con¬ 
tinuous over central Utah. 

Tho ranges immediately west and south of 
tho East Tintic Mountains do not, so far as 
reconnaissance surveys by the writer have 
shown, present any sections within which De¬ 
vonian strata aro to bo expected, und therefore 
they throw no light on tho problem. 

UNCONFORMITY AT THE BASE OF THE MISSIS¬ 
SIPPIAN. 

The presence of an unconformity at the bitso 
of tho Mississippian in Utah has not been gen- 

* Rif 1-ATtl.soii, C. H., Tho Pal orxik'. wrllon In northern Utah: Am. 
Jour. Set, ah jw. ( vol. pp. 41)7-112, in* 

• BbfJra-eldcr, Eliot, Now light on tho grotnjry ol tbc \v na.trh Monn- 
Uliu, Utah: Gcol. 60c. America thill., vol. 21. pp. 3Z7-KS, IftlQ. 

* Btnlw-. F. F., Jr., A toutributlon lo the gcologr of Wasatch Moun- 
laliw, rtah: Now York Acxl. Set Aoimk, vol. 23. pp. IH4-I09, IW3. 

» Dti'.lcr, R. S., Geology untl oro dopcnlts of tho San Fianoisco oud 
adjacent districts, Utah: l\ 8. Oral. Survey Prof. Paper 80, pp. 2V23, 
1011 

• Hagne, Arnold, Geology of the Eureka district, Nov: U. S. Grot 
Survey Mon, 20, pp. 13, M- M, I Kir). 
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erally recognized, but tho evidence in the T'm- 
tic district is proof of its existence, and drttn 
from other places indicate that, it extends ■well 
over tho central part of the State. Tho irregu¬ 
larity and local disappearance of pre-Missis- 
sippian strata in tho Wasatch Mountains has 
been attributed by Weeks 1 mainly to nondo- 
position, although Blackwolder- mentions "nn 
obscure and probably unimportant unconform- * 
ity” near or at tho base of tho Mississippi!: n east 
of Ogden. Nootliermentionhas been published, 
so far as the writer is aware, of any unconformity 
at tho base of the Mississippian, but in the Tin tic 
district the lithologic character of the Victoria 
quartzite and its slightly uneonformablo posi¬ 
tion upon tho Pinyon Peak limestone, together 
with the general absence of the Pinyon Peak 
and the variation in thickness of the Bluebell 
dolomite beneath it, indicate that an erosions! 
unconformity exists. 

Tho present general uniformity in strike, and 
dip of tho Mississippian beds and the older 
strata ill contact with thorn shows that tho pro- j 
Mississippian strata must hnvo lain nearly or 1 
quite horizontal while the Mississippian was 
being deposited. They must have been ele¬ 
vated in Into Devonian time nnd submerged La ' 
early Mississippian time, without conspicuous 
folding. Some idea of the amount of erosion 
during this short period of elevation can bo 
gained from tho variation in thickness of the 
pre-Mississippian strata. In the northwestern 
part of the Tintic quadrangle the Bluebell dolo¬ 
mite is at least 1,000 feet thick, but in parts of 
the mining district proper it is only 700 feet 
thick. At Pinyon Peak it is at least 1,100 foot 
thick and is overlain by 150 feet of Devonian 
limestone; nt Homansville Canyon, 1 \ miles 
to tho southward, it is only about 500 foot 
thick, and this implies that a thickness of 750 
feet of strata was removed by Devonian and 
Mississippian. erosion. 

This amount Is indicative of a moderately 
irregular topography nnd, together with tho 
general absence of the Pinyon Peak limestone 
elsewhere in the district, suggests strongly 
that the unconformity extends far beyond the 
limits of the Tintic quadrangle. Tho evi¬ 
dence set forth below lends strong support to 
this statement. The writer's observations in 

1 Wool*, F. D., otul Perrier, W. F., Pbospbato depmslls In western 
rutted Slates: U. S. Ool. Survey Bull. 313, p. 131,1»H 
* nkickwvlder, Eliot, Phosphate deposits oast ol Ogden, Utah: U. a 
Geol, Survey Bull. 430, p. &'«, 1010. 
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the Wasatch Mountains from Mount Nebo 
northward to the Cottonwood district 3 have 
shown tho Mississippian limestone resting on 
Middle Cambrian limestone at several places. 
Tn North Canyon, in the Mount Nobo ridge, 
and at. Simtaquin the relations, to judge from 
lithologic evidence, are much the same as at 
Homansville Canyon, in the East Tintic 
Mountains. In the Provo and American 
Fork districts the thickness of pre-Mississip- 
pian limestone is much less, and in places 
the Mississippian may oven rest on the shale 
just, above the Cumbrian quartzite; but in 
the Cottonwood district, 4 or 5 miles farther 
north, 1,000 feet, of Devonian limestones are 
present between Mississippian and Middle 
Cambrian strata, 4 No evidence of angular 
unconformity has been found hero, but the 
absence of shaly Upper Devonian limestone 
may bo of some significance. In the Uinta 
Mountains Emmons ' and Weeks. 0 found the 
Mississippian limestone resting in part on Or¬ 
dovician quartzite and in part on Cambrian 
slinlo, the Ordovician pinching out. 

In tho northern Wasatch 7 and Boar Eivcr 
Plateuu * regions all ages from Lower Cam¬ 
brian to Mississippian are represented, and 
no unconformity has been recognized in them 
other than the obscure one mentioned by 
Blaclcwelder (seo above), where Devonian 
strata underlie the Mississippian. In tho 
Oquirrh Mountains Butler 1 has found only 
1200 feet of limestones, presumably Cam¬ 
brian, between tho Cambrian quartzite and 
fosrilif crons Mississippian limestone. Here 
again no positive evidence of an unconformity 
is known. The writer, during reconnaissance 
work in ranges west nnd south of tho East 
Tintic Mountains, found only Cambrian and 
Mississippian formations nnd did not. find these 
in contact, except, perhaps along an obscure 
overthrust in tho West Tintic rniniug district. 
There are no duta at hand to explain the 
absence of intervening formations in these 

> Louiiblln, O. K., UcoonuaJssoneo in lUo southern \Y» itch Moun¬ 
tains: Jour. Geology, vol. 21, f.p, 43*1-152, 1913. 

< Hi run, V. F., Jr., A contribution to tho seoloKy ol tho WlMddi 
Mountains, Utah: Nevr York Aeod. ScL Annals, vol. 23, pp. PJS-IU, 
1913. 

a Emmons, S. F., Uinta Mountains- Cool. Soc. Amorim Bull., vol. 16, 
p. 2M, 1*7. 

• Weeks, F. B., Slrallirraphy and structure ol tho Uinta Range: Goal. 
Soc America DuU., vol. IX, pp. 432-I3X, ISO*. 

> Blackweldcr, Eliot. New light on the geology ollho Wasalch Moun¬ 
tains: Gcol Soc. America Bull-, vol. 21, pp. Maois q., 1913. Blackwol- 
dtr's are l ion Is baaxl on tfco work of several writers, to whom he refers. 

I Rirhatvlxon, G. B., Am. Jonr. Scl., Ilh bit., vol. 36, pp. tOJ- 116 , 1913. 

1 Butler, U. S., oral communication to the writer. 
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ranges. hi the Lakeside Mountains, west! 
of Great Salt Lake, the writer in a hasty trip 
found Mississippian limestone resting on heels 
similar to the Opohonga (Ordovician) dolomite 
of the Tinlic section, hut no fossiLs were 
found to prove the age of these beds, and there 
was no opportunity to study the contact. 1 
In tho San Francisco district, in the south¬ 
western part of the Stuto, Butler 2 foiuid. 
Ordovician, Silurian, 3 and Devonian stl'uta I 
present in ccnformublo succession, aggre¬ 
gating about 9,350 feet in thickness, and con¬ 
formably overlain by the Mississippiun. In 
tho Eureka soction of eastern Nevada. Ordo¬ 
vician, Silurian, and Devonian stratu aro pres¬ 
ent, aggregating 13,001) feet. An unconformity 
exists there within the Ordovician, 1 hut nono 
was noted between the Devonian and Missis- 
sippiun (“Lower Carboniferous”). 

Tho evidence just cited points to an eleva¬ 
tion during late Devonian time of land in the 
central part of the State, but not in tho ex¬ 
treme northern nml southern parts and pos¬ 
sibly not in tho western part. The central 
urea corresponds reasonably well with the Utah 
land , 1 or “ positive element,” in Schuchert’a 1 
pulengoograpliic maps. This land suffered ero- 1 
si on sufficient to remove tho Devonian com¬ 
pletely in some places and much or all of the 
Ordovician in a few pluces, and it underwent 
a general submergence in early Mississippiun I 
time. The failure to find exposures of pro¬ 
nounced angular unconformity in the Wasatch 

country leaves 1 he evidence no ten tiroly convinc¬ 
ing, but the dissimilarity between neighboring 
stratigraphic sections in the areus here noted, 
when considered in connection with the more 
detailed evidence in tho Tintie quadrangle, is 
strongly indicative of unconformity. 

Jt, may be of interest before dismissing the 
subject to recall the evidence of uplift in cen¬ 
tral Utah at several periods during Paleozoic 
time. The tentative correlation of the Opiiir 
formation with the Howell instead of the Pioche 
formation of the House Range suggests a very 
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slight elevation of the present Tintie district at 
the end of Lower Cumbrian time. The much 
smaller total thickness of the Tintie Middle 
Cambrian section in comparison with those of 
the House and northern Wasatch raDges, 
though not offering convincing evidence, may 
imply an elevation in central Utah (luring a 
great part of Middle Cambrian time. The 
Cambrian-Ordoviciau unconformity' in the 
Tintie district is proof of another, possibly tho 
third period of local elevation. The absence 
or at least tho marked thinness of Silurian and 
Lower Devonian dolomite in the Tintie district 
indicates either a local emergence of land or a 
shallowing of tho sea between the Ordovician 
and late Devonian. The Dovoniuu-Mississip- 
pian unconformity marks possibly the fifth, 
and,' according to available evidence, the most 
extensive emergence of land in central Utah 
prior to tho deposition of Mississippiun strata. 

CARBONIFEROUS SYSTEM (MISSJSSIFPIAN 

series). 

VICTORIA QUARTZITE (LOWER MISSISSIPPI AN). 

DWTIiraUTION ANn THICKNESS. 

The Victoria quartzite, named from the Vic¬ 
toria mine, is of small but variable thickness 
and includes alternating beds of limy quartzite 
and siliceous limestone, some of them con¬ 
glomeratic. They are noteworthy as the 
markers of an unconformity between the Mis- 
sissippian and older strata. The quurtzi ti c beds 
do not form conspicuous outcrops and are easily 
overlooked; furthermore, their succession and 
composition vary from place to place, and in 
some exposures at the proper horizon distinct 
quarlzilic beds may be missing. Scattered 
outcrops have been noted from a point near 
tho north boundaiy of the district as far south 
as the slope below Mammoth Bluffs, where it is 
cut off by a strong fault which on its south 
side bus carried all post-Ordovician strata above 
the present erosion surface. 

Tho thickness of the quartzitic beds on the 
slope below Mammoth Bluff’s was measured by 
Tower and Smith “ as follows: 


rwi. 

26. Sandy limestone, quartzitic at base. 10 

25. Gray limestone... . . 25 

24. Sandy limestone and quartzite. 50 

85 


On the spur betwoou Eagle and Gardner 
canyons a zone of approximately the same 


‘ Op. cit., p. ttjj. 





SK Dl M UN TAR V ROCKS. 


39 


thickness contains conglomeratic beds in addi¬ 
tion to those of quartzite and sandy limestone. 

On the north wall of lloinansvillc Canyon, in 
its middle portion, about 250 feet above the 
railroad, the horizon of the beds is represented 
by a few small exposures of conglomeratic heds 
that separate l'ossiliferous Mississippi an lime¬ 
stone from Middle Ordovician dolomite, but 
these beds can not be traced any considerable 
distance owing to the talus and brush which 
cover the slopes extending northward from the 
canyon. Along the railroad two-lifths of a 
mile farther east the horizon is marked by two 
or three quartzite beds, 2 to 4 feet thick, alter¬ 
nating with limestone; the lowest quartzite bed 
rests on Ordovician dolomite. East of the 
summit of Pinyon Peak there is only one limy 
quartzite bed, less than 2 feet thick; on the 
north slope of the peak there arc two thin : 
quartzite beds separated by one of limestone 
conglomerate containing light-gray subangular 
pebbles that resemble the lighter members of 
the. Ordovician dolomite. Tliin heds of quartz¬ 
ite also mark the base of the Mississippiun on 
the long spur 1 ? miles north-northwest of the 
summit of Packard Peak, but such heds are 
either absent or concealed elsewhere in this 
part of the quadrangle. A thin qunrtzit.ic 
band, in nearly the same stratigraphic position, 
was ulso noted or. the ridge south of the 
Scranton mine, in the North Tintic district. 

LITHOLOGY. 

The quartzite beds in the Tintic district 
proper are of light-yellowish to pale-brownish 
color on weathered surfaces and may have a 
very pale pink tinge on fresh fracture. They 
are mostly of line, even-grained texture, but 
they include small quartzite pebbles an inch 
or more in diameter. On the application of 
dilute ncid the rock shows slight to moderate 
effervescence. The quartzite pebbles may have 
been derived from Cambrian quartzite, but it 
is possible that, in part or wholly, they repre¬ 
sent Ordovician or Silurian strata now com¬ 
pletely eroded, ns Ordovician quartzite is 
present in the nortbern Wasatch Mountains and 
the San Francisco district, and late Ordovician 
quartzite occurs in the Eureka district, Nevada. 

The limestone ranges from fine and medium 
even grained to conglomeratic, and tho coarser 
beds contain limestone pebbles as much as 2 
inches in diameter. The pebbles nrc mostly 
of bluish-gray color, but their wentherod sur¬ 


faces are yellowish, pinkish, or reddish. Both 
pebbles and matrix ore dolomitie, the matrix 
containing a varying amount of quartz grains. 
The pebbles for tho most part are of the same 
general typo as the Bluebell dolomite. 

STRAT1GHAPUIC POSITION. 

Although no fossils have been found in this 
quartzilic zone, its presence ut the hnso of the 
Mississippi an limestone and tho evidences, 
already cited, of an unconformity beneath it 
show that it is the basal formation of tho 
Mississippi an. 

GARDNER DOLOMITE (LOWER MIS SI SSI PRIAM). 

DISTRIBUTION AND THICKNESS. 

Tho Gardner dolomite is recognized as a 
distinct formation because it contains a great 
variety of recognizable fossils, most of which 
i were found on the spur west of Gardner Canyon. 
It is well exposed on the eastward-sloping spurs 
north of Packard Peak, hut between that 
locality and Eureka Gulch it is mostly con¬ 
cealed and the thin strip shown on the map 
(PI. IV) is recognizable principally because of 
its position east of the Victoria quartzite. 
From Eureka Gulch it extends southward to 
the slope below Mammoth Bluffs, where it- is 
abruptly cut off by a strong zone of east-west 
faults. In the East Tintic district it is poorly 
exposed on tho ridge south of Burrist on Canyon. 
It also forms the summits and western slopes 
of Pinyon Peak and the hill immediately south. 

The Lop of the formation is mapped at the 
base of the lowest exposed black cherty beds 
of the Pine Canyon limestone, but this is only 
an indefinite boundary where exposures are 
not continuous. A black shaly bed about 100 
feet thick and at about tho same, horizon would 
bo a better boundary marker, were it not so 
poorly exposed. Whether it lies below or 
above the lowest black cherty bed has not been 
determined, but its presence indicates approx¬ 
imately the toj> of the Garduer formation. 
The true thickness of the formation is not 
known, both liecuuse of the indefinite upper 
limit and because of flexures and faults which 
are known lo exist but which arc too obscure 
to be mapped accurately. The section meas¬ 
ured by Tower and Smith during the first 
survey shows a I hickness of only 435 feet 
between the Victoria quartzite and the lowest 
black cherty beds. This amount may be-too 
small, owing to the possible elimination of a 
portion of the strata by concealed north-south 
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faulting. East of Eureka Peak, on the other 
hand, the apparent thickness is at least 800 
feet, but this is evidently due in part to repeti¬ 
tion by the Emerald-Grand Central fault, 
whose exact position at this place is concealed. 
The thickness exposed in the Yankee shaft is 
about 700 feet, but no beds corresponding to 
the Victoria beds have been cut- here, and this 
amount must be considered only an approxi¬ 
mation of the true thickness. 

LITHOLOGY. 

The greater part of the formation is fine¬ 
grained gray to dark bluish-gray dolomite con¬ 
taining an abundance of silieified fossils. 
Small chert nodules are present in some beds 
but arc not especially conspicuous. Inter- 
stratified with (lie dolomites are a few beds of 
black dense cnrbonaccous limestone. East of 
the Victoria mine the rocks arc much fractured 
and contain voinlots of white “sparry" dolo¬ 
mite. Both the dolomite and the limestone, 
when dissolved, leave nn abundant residue of 
fine siliceous grains (mostly fossil remnants) 
and carbonaceous material. They leave an 
oily film on tho surface of the solution and give 
a pronounced odor of hydrogen sulpiride. 

At or near tho top of tho formation is the bed 
of black highly carbonaceous and pyritic shnly 
limestone, mentioned above, which is about 
100 feot. thick. It is cut on the 500-toot levels 
of tho Northern Spy and Iron Blossom No. 3 
mines, tho 900-foot level of the Beck Tunnel 
No. 2 shaft, and the 1,300-foot level of the Yan¬ 
kee shaft, but it is not, well exposed at the sur¬ 
face and its exact stratigraphic position is not 
known. Tho top of this bed forms a wntcr- 
courso in (he Yankee mine. A similar but 
thinner lied is cut at the J,S00-foot level of the 
Yankee mine. These carbonaceous beds dis¬ 
integrate readily and are likely to be covered 
by loose detritus or soil on the surface slopes. 

COItBKLATIO.V. 


Fossils in tho Gardner dolomite have been 
found at four different localities and have boon 
determined by G. IT. Girty, of the United States 
Geological Survey, as follows: 

Lot 1, from tho flat spur ou (he west side of Gardner Can¬ 
yon duo west of the southwest summit oi Godiva Mountain: 

ZupUrantis sp. 

Olisiophyllum sp. 

Crinoid steins, 

Cnnoidal fragments. 

Camarotoeehin sp. 


Spirifer centronatus. 

Spinier sp, 

Syringopoiu surcularia? 

Compoaita humilia? 

Reticularis? sp. 

Lot 2, from tho southwest slope of Godiva Mountain be¬ 
low the trail: 

ZaphrCDlut. 

Syringopora surcularia. 

Compoaita humilis. 

Lot 3, from the low knob about 4,500 feet X. 80° E. of 
the summit of Sioux Peak: 

Syringopora anrouhria? 

A u lop ora sp. 

'Composite humilis. 

Euomphalus luxes. 

Lot 4, from the top of the main east-west ridge due south 
of the Scranton mine, North Tintic district: 

Cystodictya sp. 

Chonotes illinoisenais. 

Cliothyridina aff. C, hirauta. 

Conocavdium sp. 

Euomphalus luxua. 

Although most of the collections taken individually are 
almost too small to permit a satisfactory determination of 
their geologic age, yet taken together they indicate it with 
reasonablo clearness. * * * Lots 1, 2, and 4, * * * 
which T understand were obtained from the same forma¬ 
tion, give a combined fauna, that can be recognized with 
some certainty as indicating the horizon oi the Madison 
limestone. Similarly lot 2 shows pretty clearly tho same 
facies, that of the Madison 

Comparison with Spurr’s Mercur section 1 
suggests the correlation of tho black carbona¬ 
ceous bed at Tintic with tho upper black shale 
bed at Mercur, whose thickness is somewhat 
more than 100 feet, but it is by no means cer¬ 
tain that a bed only 100 feot thick persists 
throughout tho distance of about 30 miles 
between the Tintic and Moreur districts. 

PINE CANTON LIMESTONE (LOWER AND UPPER 
MISSISSIPPIAN), 

uisn nmcTioN and thickness. 

Tho Pine Canyon limestone makes up the 
greater part of Godiva Mountain, Sioux Poak, 
and Mammoth Peak. It crops out continu¬ 
ously with steep or vertical dips from the north 
base of Godiva Mountain as far south as the 
east-west fault zone east of Mammoth, beyond 
which relative upward movement due to the 
fault and subsequent erosion have wholly 
removed it ns well as the Gardner dolomite. 
In Pino Canyon, botwoon Godiva Mountain 
and Sioux Peak, and again east of Mammoth 
Peak it can be followed eastward ban oath tho 
Humbug formation with flattening dip to and 
beyond tho Eureka Hill Railroad, whoro it 


l Spurr, J. E., op. cH., pp. 375,377. 
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crosses the synclinal axis and is exposed ron- 
timiously, with a gentle westerly clip, from the 
Yankee mine on the north to tho Mammoth 
fault, zone on tho south. It is hounded on the 
north und oust by tho overlying volcanic rooks, 
except, east of tho Colorado mines, whore tho 
underlying Gardner dolomite is exposed. It 
also occurs extensively in the northern part, of 
the quadrangle from t he spurn west of Fremont 
Canyon eastward to tho summit of Pinyon 
Peak. 

Its thickness, like that of tho Gardner dolo¬ 
mite, can not bo accurately determined, but 
estimates based on tho sections in the Beck 
tunnel No. 2 and Yankee shafts give about 
1,000 foot. 

UTHOtOGY. 

There are two principal varieties which alter¬ 
nate irregularly throughout. One is a nearly 
black, dense, rather thin-bcxlded limestone con¬ 
taining Inigo nodulesof black chert, many nearly 
a foot in diameter, and a few thin beds of black 
chert. Tho la rgost nodules are found along the 
top and wost slope of Godiva Mountain, espe¬ 
cially the southwest summit. Tho huso of 
tho formation is drawn along tho lowost ex¬ 
posed cherfcy bed, but it is not certain that tho 
lowest bed of till is ovorywhore expose*!. Tho 
cherty beds break up on weathering into angu¬ 
lar blocks of varying size. 

Tho other variety, which is economically the 
more interesting, is most conspicuous in tho 
upper bods. It is of medium to light, gray 
color, medium to rather coarse grain, and dis¬ 
tinctly cross-bedded. Cross-bedding is espe¬ 
cially distinct in tho wulls of Pino Canyon 
along tho wagon road. Tho rock is a nearly 
pure limestone, dissolving rapidly in cold 
dilute hydrochloric acid and leaving practically 
no residue. An analysis, quoted from tho 
earlier report, 1 is ns follows: SiO,, 0.57; Fe,O a , 
0.00; CuO, 55.22; MgO, 0.41; CO, (calculated), 
4.1.84; total 100.94 percent. Small fragments 
of fossils are abundant in it and as a rule are 
easily detected. Tho ore bodios of the “Colo¬ 
rado channel" and of tho Uncle Sam, Yankee, 
and May Day mines have been formed by tho 
replacemunt of a bod (or beds) of this variety. 

Besides thoso two varieties there are inter¬ 
mediate phases, such as black nonchorty beds, 
cherty coarse-grained beds, and fine-grained 
light-gray bods. 


CORRELATION.” 

Poorly preserved fragments of fossils, mostly 
Zaphnutig, are scattered through the cherty 
bods, but none of certain stratigraphic value 
were found. Tho fragments in tiio coarse¬ 
grained limestone are mostly not determinable, 
but. two species from lot 121 were determined 
by Mr. Girty as Zaphrentis sp. and Batodo- 
nulla? sp. Mr. Girty states that, this lot, 
though representing very few species, appears 
to show a different foiuni from the Madison, 
and ho refers it tentatively to tho tipper Mis- 
sissippiun. Thoso meager data aro supported 
by more substantial evidence in the southern 
Wasatch Mountains just east of Snntnquin, 20 
miles northeast of (he Tintic district, where 
in a section of the same lilhologic character an 
abundant fauna, collected by tho writer in 
in 1912 and determined by Mi - . Girty, makes it 
possible to correlate the greater part of the 
cherty beds definitely with the Madison lime¬ 
stone, mid tho upper part, including tho coarse¬ 
grained limestone beds, tentatively with tho 
upper Mississippi an. According to this evi¬ 
dence, tho lower and perhaps the grantor part 
of tho Pino Canyon limestone is of Madison ago, 
but at least the upper 300 foot is tentatively 
regarded as upper Mississippian. It is not 
possible to separate tho bods assignable lo 
these two horizons in the field, bocuuso of tho 
scarcity of determinable fossils and tho abun¬ 
dance of cherty beds alternating with and over- 
lying the conrso-gmiuod beds and persisting 
oven in tho ovorlying Humbug formation. 

HUMBUG FORMATION (UPPER MISSISSIPPLAN).. 

Tho Humbug formation, which consists of 
alternating sandstone, shalo, and limestouo, 
is limited to the east slopes of Godiva Mountain 
and Sioux Peak and to three small areas near 
tho north edge of the Tintic quadrangle (FI. f) 
east and west of Fremont Canyon. The follow¬ 
ing section, shows its thickness and alternations : s 
Section of Humbug fimmlion on cast slope of Slow Pink. 


Brown quartzitic *and»toue. 12 

Black icssttliferoas limestone. 25 

Brown san.lf.amo.. 5 

Blue 1 i mestone.-. •• 

Brown sandstone, in part quartzitic. 90 

Bluiah-gray limestone. H 

Sandstone and limestone. 50 

Reddish sandstone.- 25 

Gray sandy limestone. •> 

Sandstone. I 

Light-brown sandy shale. 30 


250 ] 


' Tow#r, O. W., Jr., Mul Smith, G. O., op. dt„ p. G2S. 
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Tho different members are intercalated lenses 
and the succession and thicknesses on Gochva 
Mountain are much different from those 
shown in the above section. The hose is 
definitely drawn only where the lowest sandy 
or shaly beds arc exposed. Some limestone j 
members near the base may closely resemble 
beds of the underlying Pine Canyon lime¬ 
stone, and the boundary may cusily be wrongly 
located where the bottom sandy or shaly bed 
is concealed. The higher limestone beds are 
dark blue to black and very fine grained to 
donso. The sandstones are greenish in color, 
weathering brown, and consist of rounded 
quartz grains cemented by calcite. Fossils 
especially fragments of Zaphrenlix and of 
crinoid stems, are numerous. 

The 250 feet of stratu form but the lowest 
part of an extensive formation represented 
ut Mercur by the “upper intercalated series” 
5,000 to 6.COO feet thick, the upper part of 
which, at least, is of Pennsylvanian ago.' The 
lower portions, however, and perhups the 
greater part of this formation carries upper 
Mississipnian fossils (collected by the writer 
in 1912 and determined by G. H. Girty) in 
the Lake Mountains, west of Lehi aud 30 miles 
north-northeast of tho Tintic district, and in 
the Wasatch Mountains, southeast of the Cot¬ 
tonwood district. The ‘'intercalated series” 
thus appeal’s to mark a transition from late 
Mississippinn to early Pennsylvanian time, 1 
ami the Humbug formation, which represents 
its basal beds in tho Tintic district, is therefore 
to he assigned to the upper Mississippian. 

IGNEOUS ROCKS. 

GENERAL FEATURES. 

The greater part of tho Tintic qundranglc 
(see PI. I, in pocket) is covered bv igneous 
rocks. Those are mostly effusive hut include 
u few necks or stocks aud dikes. They con¬ 
sist for tho most part of rhyolite, monzowte, 
latites, and perhaps andesites, with minor 


■ j. ft., op. Cit., f>. ;t77. 

> iiWorrWM- lias foun.1 an uncT 4 .|.jnoIi>- brtwwi, the 
ZSUSSi uM I ho omlylr,, l'miaylvonkn formation <“twl bod,' 
*" m > 1,1 ,M cmjiAj ol WoVr UU «. l,„i .v.ndadca n 
IU:ld on lh« la-ulwy ol Ihr Wwilcb MumUlm. UUli: r.„,J 
Amor,^.. Ilial.Tol.ll.p.m InojthM Uin m , ,.' t 

1,av * <1* ^TnUth'd by Mr.oirty n, (ul y r «,i vc 

unrr " b ’“ r* *** reported w.U or 


quantities of basalt. The order of eruption 
is not perfectly known, for during neither the 
first nor the second survey was there sufficient 
time for a thorough study of this problem, 
the solution of which would require considerable 
investigation of areas remote from the mining 
districts of the Tintic quadrangle. The present 
writer's study beyond the limits of the mining 
district was confined to three reconnaissance 
trips —one southward to Sunrise Peak and 
Volcano Ridge, one eastward along the northern 
edge of the main 1 atite-andesite area, and one 
along the rhyolite-littito contact southeast 
of llomansville Canyon. The evidence found 
on these trips accords closely in nil essential 
points with the conclusions published in tho 
earlier report, and the only noticeable differ¬ 
ence is that it affords data for a somewhat 
more detailed mapping in certain places and 
for the recognition of an earlier and later series 
of andesitic flows. Tho sequence of eruptions, 
so far as known, is as follows: Early latite or 
andesite, rhyolites, main latite-nndesitc group 
and monzonite, basalt. 

Tho gentle clips of the flows and their con¬ 
tacts with eroded or even talus-eovercd sedi¬ 
mentary rocks show that the eruptions took 
placo long after the sedimentary rocks had 
been folded, faulted, and eroded into topo¬ 
graphic forms much like those of to-day. 
Some extensive faulting, however, synchronous 
with that which developed the Basin Ranges, 
took place after the eruptions. 

EARLIER niOTITE-AlIGITE LATITE OR ANDESITE. 

Although no well-defined outcrop of andes¬ 
itic rock older than tho rhyolite has been found, 
tho cvxistonce of suoli a jock has been proved by 
microscopic study. Specimens of this rock 
worn found on the dump of the Grown Point 
shaft, oast of tile Eureka Hill Railroad, near 
tho head of tho gulch which marks tho south 
boundary ol tho silicifiod fluidal rhyolite. Tho 
shaft evidently passes through the rhyolite into 
tho andositic rock. Inclusions idontical in 
microscopic character with tho andesitic rock 
arc present in the rhyolite, thus proving the 
existence of a prerhyolite andesite or latite. 

Exposures of highly altered lava that prob¬ 
ably belong to tins earlier andesitic flow hnvo 
boon noted beneath tho rhyolitic tuff at the 
head of Ruby Canyon and beneath tho Packard 
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rhyolite, a mile farther north, at the bend in 
Barristoii Canyon. Tho rock in these expo¬ 
sures appeal's to have been originally an andesite 
or lalite but is now too thoroughly bleached by 
soricitization and knolinizution to bo more 
definitely determined. 

The rock lias n dark-purplish to nearly black 
color, weathering to pale pinkish, n dense, 
finely porphyritic (on turn, and a fine fluidal 
structure so like that of the fluidal rhyolite 
thut in the field the two rocks were believed to 
be the same. The visible, minerals are plu- 
gioclase in lath-shaped crystals, 2 to 4 milli¬ 
meters long, with prominent, twinning stria-] 
tions, and biotito iri minute, jxxirly defined 
flakes. Small cavities mark tho former pres¬ 
ence of ftiiothor mineral which the microscope 
proves to have boon augite altered largely to 
calcite. A little secondary quartz is present 
along the flow lines. 

In the one thin section studiod tho flow .struc¬ 
ture is not noticeable oxoopt nrouml tho pheno- 
crysts. Tho plagioclnso is zonal and shows 
both Carlsbad and alhite twinning. Extinc¬ 
tion angles in sections normal to the twinning 
plane indicate an average composition near 
Abjo-jiAnjo-es. The extinction angle on a 
010 section indicates a composition for tho 
innermost zone of Ab- o An t0 . The ciystnls as u 
whole are very freo from alteration, hut a fow 
have gone slightly to calcite and soricite. The 
biotito forms automorpliic crystals about 1 
millimeter long showing dark reddish-brown to 
nearly white pleochroism. Basal sections are 
distinctly marked by neodles of sagenite 
(rutilo). Some crystals arc altered slightly to a 
fine chlorilie aggregate (dolessite ?), and all 
have a Itorod to linionito along their edges. Tho 
augito is nearly all altered to psoudomorplis of 
caleito with more or less chlorito, hut enough 
is left, to prove its identity. The original min¬ 
eral formed short automorphic prisms from 
less than 1 to about 2 millimeters long. Mag¬ 
netite and apatite aro prominent, as niicro- 
phenocrysts, especially within and close to the 
augito crystals. Tho magnetite grains range 
from moro specks to irregular grains nearly 1 
millimeter in diameter. Somo of tho larger 
grains appear like accretions of several small 
grains and poikilitically incloso apatite, small 
plftgioclaso laths, and small patches of ground- 
moss. Tho groundmass is composed of min¬ 
ute feldspar laths, fine granules of tho mafic 


minerals and their alteration products, and 
probably' n little glass. Some of tho distinct 
plagioclnso laths aro poikilitieally embedded in 
material of slightly lower birefringence and no 
definite crystal outline, which appeal's like 
nrthoclase. The oxtrome fineness of tho ground- 
moss prevents any ostimato of the relative 
quantity of the two feldspars, and it is not 
known wholhor tho rock contains enough 
orthoclaso to bo classed as a latito. 

imVOUTES. 

SUBDIVISIONS. 

Three large areas of effusive rhyolite and one 
of intrusive rhyolite were mapped during tho 
earlier survey. The southernmost offusivy 
body, called the Eornow rhyolite, lies mostly 
to tho south of the Tintic quadrangle, but its 
north edge is H miles north of tho southern 
boundary, and scattered outliora are mapped 
as far north as Volcano Ridge. (Soo PI. I.) 
The northernmost body, to which no specific 
name was given, lies north of tho quadrangle, 
except fora narrow prong at the northeast, base 
of Pinyon Peak. These two bodies of rhyolite 
wore not studied during the recent survey. 

The other effusive body, called tho Packard 
rliyolito, und tho intrusive body, designated the 
Swansea rhyolite, are dosoribod below in detail. 
Besides theso, t wo minor occurrences of rhyo¬ 
lite, designated earlier rhyolite and rliyolito of 
Tintic Mountain, and ono of rliyolito tuft luivo 
been distinguished. As the earlier rliyolito 
and the tuff are older Ilian tho Packard rhyo- 
lito their descriptions are given first. 

EARLIER RHYOLITE. 

DISTRIBUTION A.VO STRUCTURAL RELATIONS. 

The earlier rliyolito, a silicified rock of 
fluidal structure, has been found at two places 
—-on the broad, low spur sloping eastward 
from tho east base of Mammoth Peak and nour 
tho north end of the main latitc-nmlesito 
rrdge, about 2 miles farther east. Tho only 
other evidence, of earlier rhyolite is a thin 
section cut from a specimen collected west of 
Tintic Mountain duiing the earlier survey. 

In the spur east of Mammoth Peak the rock 
is well exposed along and just below tlio 
Eureka Hill Railroad, across the draw from 
the Iron Blossom No. 3 mine. Hero its flow 
lines dip gently eastward. The greater part 
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of the spui‘ is covered only by flout, tlio iden- wavy voinlots of chalcodouio quartz, highly 
tity of most of which is obscured or destroyed altered phcnocrysts of feldspar and liiotite, 
by bleaching, but recognizable specimens uro mid inclusions of latite or andesite. The 
scattered over the whole area. The boundary feldspar phenocrysts consist of oligoclnso and 
of the earlier rhyolite is therefore only up- sodic sanidino, though most of thorn nro too 
proximate. At its west end the roek overlies thoroughly altered to he properly identified, 
limestone and is overlain bv isolated patches Mo quartz phenocrysts wore noted. The 
of rhyolitic tuiT and Packard rhyolite; to the hiotite is so much altered that hardly a grain 
enst. it appears to dip beneath the same rocks, retains its original character. Magnetite and 
hul the structure is obscured by the presence apatite arc present, the. latter in typical wcll- 
of monzonite porphyry of doubtful occurrence, formed prisms ns much as 0.5 millimeter long. 

Tiio other body of the earlier rhyolite lies The alteration products, besides elmlcc- 
Nouth of the East Tintic Cumbrian limestone donic quartz, are sericite, chlorito in very fine 
urea. It has not been mapped in detail but radiating aggregates, u little magnetite or 
has bcon found to underlie the rhyolitic tuff spoculur hematite, and more or loss kaolin and 
and Packard rhyolite at the two places where limonite. The chnlccdonic quartz, in vcinlets 
the base of the Packard is exposed—one at and microgeodes, occurs alone in and also inter- 


thc easternmost outcrop on the crest of the 
rklgo and the other close by the Silver Pass 
road at the west base of the ridge. This 
relation, together with the petrographic, char¬ 
acter of the rock, justifies its correlation with 
t he rhyolite j ust described. The distribution of 
outcrops »r the earlier rhyolite and still more 
of the Packard rhyolite proves the existence 
ol several faults in steplike arrangement from 
the Silver Puss road eu-stwurd. The relative 
downward movement in each fuult has been on 
(lie west, side, except along the easternmost 
fault found. 1 lore (he east wall has moved 
relatively downward, cutting off the rhyolites. 
This fault is tho strongest evidence of ]x>st- 
volcnnic. faulting yet found in the Tintic 
quadrangle and has produced a local dovelop- 
ine.nl of Basin Range structure." 

LITUOMIOV. 

The freshest material found is of a medium 
brown color, which grades toward purple nr.d 
pink. Whore tho rock is completely altered 
by Hilic.ificution und kaolinization it is bleached 
to a white color more or less streaked by 
rusty stums. Its texture is dense and slightly 
to moderately ixaphyritic, blit its most strik¬ 
ing feature is the pemistent fine flow structure 
marked by short dark undulating streaks, 
rim visible minerals arc altered feldspar and ! 
»‘° 1 e, ill crystals averaging about 2 milli- 
iiictem m diameter, ami secondary chalcedony, j 

opal Mhu-h has been deposited along flow* 
^‘^cedsomo of 

In thin section the rock is principally a 
brown glass streaked by small aggregates and 


mixed with the other secondary minerals. 
Sericite with chalcedony and a smull amount of 
chlorite replace the feldspars. Chalcedony, 
chlorite, and magnetite or specularite in vary¬ 
ing quantities replace the hiotite. Kaolin and 
limonito occur in the altered feldspar and bio- 
tito respectively. 

RHYOLITIC TUFF, 

Volcanic tuff containing quartz is found both 
j bolow and above the Packard rhyolite. Only 
| that below the rhyolite is described under the 
above heading. The uppor tuff is described on 
puges 54-56 under the heading “Latite tuft’.” 

1 ho rhyolitic tuff has been found in scat¬ 
tered localities east of Knightville, east and 
southeast of Mammoth Peak, and farther east, 
where it overlies tho earlier rhyolite. At 
every place except the southernmost it under¬ 
lies the Packard rhyolite, boing exposed only 
where tho rhyolite lias boon completely re¬ 
moved by erosion, but at no place has the 
whole extent of an exposure been mapped, 
l he southernmost exposure, at Sioux Pass, is 
thoroughly* bleached and so confused with 
bleached spherulitic and porphyritic rock, tho 
hitter apparently latito or monzonite por¬ 
phyry, that its structural relations can not ho 
c ^finitely determined. On the south slope of 
tlus spur, at the southernmost limit of tho 
Bluebell dolomite, a little float of blenched tuff 
was found, indicating a former extension far¬ 
ther south. 

The freshest material, found above the east¬ 
ernmost occurrence of earlier rhyolite, is of 
rownish color and fine to rather coarse grain 


IGNEOUS ROCKS. 


45 


anil is composed of distinct grains of feldspar, 
quart/., mid biotile and fragments of glussy 
rhyolitic and latitic groimdmass. Most of the 
exposures, however, arc greenish owing to par¬ 
tial alteration or blonched to white by silicifien- 
tion followed by kaolinizat ion. In tlic bleached 
material quartz in scattered granules is the 
only recognizable mineral other than kaolin. 
The bleached tuff is well exposed in the railroad 
cut oast of the Iron Blossom No. 3 mine. 

PACKARD HHYOUTE (TOSCAJTOSE). 

nlSTIUUCTIOX A Nil STRUCTCWAI. RELATIONS. 

The Packard rhyolite covers an area of IS to 
20 square miles north and east of Eureka. Its 
boundary is very irregular, owing largely to 
the irregularity of the surface of the eroded 
underlying linn's tone and in the eastern part 
to the incomplete removal of tiio overlying 
andesites. Its westernmost extremity, at Hat¬ 
field Canyon, clearly overlies the limestone, 
and the neighboring small and thin outliers arc 
probably remnants of a once greater mass. At 
Packard Peak, less than a mile to the oast, the 
rhyolite is from 800 to 1,000 feet thick (see PI. 
VIII, A, p. 18, and PI. II, section A-A', in 
pocket.) and is of very uniform texture, the 
only irregularities noted being a few small 
inclusions of bleached rhyolitic tuff u few inches 
in diameter. This great thickness and the 
uniformity of character suggest strongly, as 
stated in the earlier report, that the center of 
eruption underlies Packard Peak and the ridge 
just east of it. The following paragraph is 
quoted from the earlier report: 1 

The absence of auy bedded structure in the central por¬ 
tion of the area ond the great thickness of the rhyolite in 
the vicinity of Packard Peak suggest that this is the center 
of an eruption which ivaa of the nature of an outwelling of 
viscous lava, rather than of an explosive ejection of vol¬ 
canic material. Very little truly fragmental material in 
found in association with these rhyolitic flows, yet much 
of the rhyolite shows traces of flow breceiation, such as 
might be expected to occur in the eruption of a highly 
viscous lava. 

Tho fact that a few small rhyolite dikes that 
cut limestone in the upper part of tho Jouny 
Lind Cunvon and also in tho Gomim mine 
trend toward Packard Peak lends a little fur¬ 
ther weight to this conclusion, which is illus¬ 
trated in section A-A, Plato II, drawn south¬ 
eastward through Packard Peak. 


Other smull dikes poorly exposed liavo 
boon noted at a few places on tlm surfaco and 
in mines. Soma of these dikes, especially 
those in tho vicinity of Pinyon Peak, aro 
closely associated with outcrops of opaline 
or chulcedonie silica replacing limestone and 
may have a genetic connection with them. 
If so, these siliceous doposits aro older than 
those that accompany tho ore deposits, which 
wove formed after the rnonzonito intrusion. 

South of Packard Peak the rhyolite lies 
against a stoop erosion slope of limestone. 
Tho contact lias been exposed in the workings 
of tho Gomini mine, where the rhyolite covers 
a steep talus slope. Wells and mine workings 
prove the rhvolifco to underlie the thick cover¬ 
ing of alluvial soil beneath Eureka. Tho shaft 
of tho Chief Consolidated raino passes through 
300 feet of alluvium and rhyolite into under¬ 
lying limestone. The contact of rhyolite and 
limestone again comes to the surface at the 
north baso of’Godivu Mountain. The rhyolito 
here also flanks ail erosion slopo of limestone, 
and exposures in the Totro tunnel workings 
show tho rhyolito ovorlying limestone talus. 
The contact continues southeastward at about 
tho 7,000-foot contour around Godiva Mountain 
to a point beyond the Yankee mine. South 
of this point more pronounced erosion 1ms 
removed it and exposed the underlying liine- 
stono slope as low as the G,600-foot contour. 
A few romnants of tho rhyolite at Pino Canyon, 
oast of tho Northern Spy mine, and possibly 
at Sioux Pass mark its former southward ex¬ 
tent. and smaller remnants, mostly represented 
only by float, occur farther cast. 

Tho relations between tho Packard rhyolito 
and tho flows of latite (and andosito'*) to tho 
south of it aro obscure, ns nearly tho entire 
surface is covered by d§bris. It may be that 
the southward-thinning ond of tho rhyolito 
originally crossed the present eastward-sloping 
can 3 'on (PI. I) and passed beneath tho latite, 
but no trace of rhyolito south of this canyon 
could bo found at the appropriate horizon 
along tho enst slope of Ruby Canyon (PI. IV); 
or possibly faulting along both of tho canyons 
has buried any southward extension of tho 
rhyolite, but no positive evidonco of faulting 
could bo found to warrant oven approximate 
mapping. For want of bettor evidonco it is 
concluded that only a very thin tapering edge 


1 Tower, O. W., Jr., &n<l Smith, G. O., op. cit., pp. 6SI-US2. 
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, .1 l lion between the Packard rhyolite and the 

of the rhyolite flow, now w y Fcmow rhyolite in the southern part of the 

beneath tatito debris, cotd< m' o i | Cl(ia( l ra nglc. On the other hand, this conclu- 

aouthwnrd beneath tho present nor, i » - | H Qn wou y i mp Iy that tire rhyolite flow (or 

of thelatito flows. P.mkard flows) once nearly or quite covered the quartz- 

Along the eastern boundary of the Puctaml ^ ^ ^ in ^ uorthw08t ^ 

rhyolito area the uppermost po jP n ' ner G f t ,j lc quadrangle and connected west, of 

or Pinvon Peak with the northern rhyolite area 

andesitic tuff and breccia, which in tun, is mentioned on page 43. 
covered by one or more latito flows. It is lithology. 

ihnrofore certain that although some of t.ho 

ST .n,tonic Urn, (p. 42) «r» older than The Pack,ml Ayohto p»»nt. many vana- 
ITpnrkanf rhyolito, moat of Idom, lo judge lions .0 npnpomnco. M l. d.stingmol.crl from 
Z. “ho map (PI. I; ami from evidence pnv all the other volcame mob hero described (ox- 
obortL (pp. 54—56). arc younger. In ccpt Ito Swansea rayohle) by the pnsenee of 
th. olop-faiiltol area cast of llio Silvar Pass quart* phenoerysls. Its preva,hug Co or 13 
(n. f>5) the rhvolitfl is also overlain by pink, but. gray, brown, and tnnk purple ule 
’ prominent locally, and the purple tints make 

“ profit, mid original thicknesses of tlio the rhyohte resemble some membem of the 
Packard rhyolita aro shown approximately in la tit e-andesite series. Glassy phases of the 
section A-A', Plate II. Tile greatest known rhyolite are gray to black. Serir.itic nlteru- 
thieknean at any point except Packard Peak tion produces a pale-greenish color, which by 
is at the 7,007-fool peak n mile east of Knight- weathering may bleach to a pure white. Where 
vj]]o. (See Pis. I mid IX, B.) A shaft cm disseminated pyrite has begun to weather a 
l,ho flunk of this peak., about 500 foot below characteristic greenish-yellow color results, 
the summit, is said to have reached limestone TJus color is well shown on the various small 
at u depth of 50 feet, giving a total thickness, dumps around the Denver & Rio Grande Rail- 
hern of about 530 foot. 'Hie diffoixmco in ole- road wells north aim northeast of Eureka. The 
vntion between tho summit and tho lowest texture is uniformly porphyritic, and the 
outcrop in the valley directly to tho oust shows phenocrysts constitute about 20 per cent of the 
that the original thickness of the rhyolite rock. The groundmass is usually dense, but 
over tho canyons in this vicinity must have at the upper contact with the latite-nndesito 
boon 1,000 feet, with no nilowanco for erosion series and ut a few places within the rhyolite 
at tho peak's summit. If little or no allowance area, it is typical obsidian, mostly massive, 
is made for the northward continuation of tho but in a few places, at the very top, scoria- 
fuulls indicated in the main latito ridgo to the i ccous. The obsidian, which is most readily 
south, a slope of 7° (about 650 foot to the mile) seen along the railroad between Eureka find 
from the latito and rhyolite contact would Homansville, indicates several successive flows 
pass well above tho summit of the 7,007-foot of rhyohte, but. no attempt was made to nscer- 
ponk and between 800 mid 1,000 foot above i tain the number of flows. 


the summit of Packard Peak. As tlieso The most conspicuous major structural 
faults, if present, tend to compensate one features are the breccia and the platy parting 
another, the nhovo figures may still serve as a or flow structure. The breeciated structure is 
rough estimate of tho original thickness of the confined, so fur as seen, to the base of the rhyc- 
Packnnl rhyolite. lito. It is well exposed along the railroad cut 

I roof oi an original surfaco slope of 7° or east of the Northern Spy shaft and has also 
c\<".i less would verity tho conclusion that the been, found near the mouth of Burriston Can- 
Packard rhyolite never extended southward yon and in tho exposures in tho faulted area 
for any considerable distance beyond the pres- 'east of the Silver Pass road. The rock is ovi- 
ent northern boundary of the great latitc- dcntly a flow breccia, caused by the fracturing 
nmtesitc area. It hardly seems probable, of partly hardened lava while it was still flow- 
thcrefore, that there was any surface connec-! mg, and consists of fragments of light-colored 
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rhyolite porphyry in a darker matrix of the 
same composition. The platy flow structure 
is a very prominent feature of the larger out¬ 
crops and is especially well shown southeast of 
Packard Peak and in the laiobs north of the 
lower road fork of Goshen Slope. The platy 
part ings as a whole dip rather gently away from 
Packard Peak but arc modified by numerous 
contortions where the dip is locally steep, ver¬ 
tical, or even reversed. They have been largely 
influential in promoting a rapid disintegration 
of the rhyolite and also afforded openings for 
permeation by mineralizing solutions or vapors. 
Colei tc, opaline and chnlcedonic silica, and 
heulanditc have been found in the partings. 
Tho hoidandite is best developed in small 
pockets that are local enlargements of the platy 
partings or of other fractures. 

The visible minerals aro feldspar, quartz, 
and biotile. Both orthoclasc and plagioclase 
feldspars arc present, but. in general it is very 
difficult to distinguish them, for both arc glassy 
where fresh, are of tabular habit, and break 
mostly across the basal cleavage, so that the 
presence or absence of plagioclase twinning 
striations can not be proved. The feldspar 
crystals occur as single or simply twinned 
tabular crystals as much as 4 millimeters long, 
also as small aggregates of nearly parallel crys¬ 
tals that appear at first glance like broad, 
nearly cubic grains complexly twinned. Quartz 
appeal's in small rounded grains, or here and 
there as nearly perfect bipyramids, mostly less 
thun 2 millimeters in diameter. It is dis¬ 
tinctly less abundant than the feldspar hut is 
easily recognized, both in the fresh aud in the 
thoroughly altered rock, and is, as already 
stated, the distinguishing feature of the Pack¬ 
ard rhyolite among the effusive rocks of the dis¬ 
trict. Its clear, highly glassy single grains arc 
readily distinguishable from. minute druses and 
cavity fillings of secondary chalcedonio quartz 
and opal, which are less glassy in luster, are 
nearly or quite opaque, and have irregular out¬ 
lines. The biotite, as in all the other volcanic 
rocks of the district, forms typical black shiny 
6-sided tablets 2 or 3 millimeters in diameter 
and of almost perfect outline. A few grains 
are altered to a greeu chloride mineral, and sev¬ 
eral haveweathcrcd to differcntshadcsof brown. 

In most thin sections a distinct How structure 
is noticeable a round the phonocrysts, rnnuy of 


j which have been broken and the fragments 
I separated. All tho larger phonocrysts, feld¬ 
spar, quartz, and biotite, show considerable 
fracturing and resorption, which in some sec¬ 
tions are so prououuced that, except where 
differences in composition could be determined, 
if. would bo difficult if not impossible to dis¬ 
tinguish the rhyolite phonocrysts from inclosed 
fragments of phonocrysts from tho older vol¬ 
canic rocks. 

Plagioclase is surprisingly abundant in view 
of the difficulty of identifying if. niogascopieallv. 
Many of its grains have a marked zonal struc¬ 
ture. Both Carlsbad and albito twinning aro 
common, and periclino twinning is often seen. 
Extinction angles or. sections showing both 
Carlsbad and albite twinning indicate an av¬ 
erage composition of andesine near Ab^An^, 
The most calcic zono measured showed Ab, f An lrt , 
A few crystals appeared to bo in nil zones less 
sodic than Ab^An*,, but most were Ab^An^ or 
even more sodic. 

Tho sa.nidino phonocrysts aro much less 
abundant, than those of plagioclase. Their 
character varies considerably. A simple, clear 
Carlsbad twin, more or less resorbed, was 
found in only one of 17 sections. Irregular 
perlhitic intorgrowtb with albito is common in 
independent twinned crystals and also in 
partial outer borders around plagioclase. Ex¬ 
tinction angles on 010 measure S° to 10°, 
figu ros which, together with the perlhitic 
structure, indicate a -high soda content. In 
view of tiio composition and relatively small 
quantity of the sanidine phonocrysts tho high 
potash content in the chemical analysis implies 
that sanidine or its uncrystallized constituents 
must constitute a considerable part of the 
ground mass. 

Quartz occurs in rounded and irregular 
grains that are considerably rosorbed, but a 
few still show the original bipyramklal out¬ 
line. Several grains are fractured. Some aro 
surrounded by a fringe of small radiating 
quartz crystals, which may bo explained by the 
fact that the quartz phonocrysts, formed prior 
to eiuption, wero partly resorbod during 
eruption and finally, when the orupted lava 
solidified, wore coated by the fringe of rapidly 
crystallizing quartz from tho groimdmass. 
A<«u'e<nitcs of tho small radiating crystals are 
also found without the nucleus and suggest that 
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oven after eruption quartz molecules had | 
be<nin tosegregato but wore forced to crystallize 
loo rapidly to form single phenocrysts; how- 
over, those aggregate® may also be explained 
ns rccrystnllizations of wholly roeorbod pheno- 
crysts, or perhaps only the fringe and no! the 
con tral part of tho phenocryst was included 
within tho thin section. 

Biotito, in unaltered crystals, shows typical 
ahsorption. Some of tho crystals are marked j 
with rutile in sagonite twins. Unaltered grains 
are marked by narrow resorption rims specked 
with magnetite. In most sections, however, 
biotito is raoro or loss replaced, locally, by 
chlorito with soricite, calcite, and silica but 
generally by limonito, which may totally 
obscure any other alteration products. Brown 
hornblende is seen in a very few sections. 
Magnetite and a little apatito and zircon form 
typical microphonoerysts scattered through the 
groundmass but more conspicuous within or 
around biotito phenocrysts. Tho groundmass 
ranges from a clear glass to material that is 
completely microcrystaHino. The glass has 
usually a How structure markod by numerous 
hairliko crystal’.itos, and some of it is minutely 
spherelitic. Tlu- completely microcrystalline 
texture is quite liko that, of tho intrusive. 
Swansea rhyolite. Short, stout latli-shaped 
crystals of plagioclase aro present but appear 
subordinate to the nnhedra] and poorly defined 
granules of alkalic feldspar and quartz. 

Alteration has produced varying results 
according to its intensity: where it was less 
pronounced plagioclase is partly changed to 
sericito and calcite with a little chalcedonic 
silica, and biotite to chlorite (dolessite ?), 
whereas sunidinc and quartz remain un¬ 
changed; where it was more pronounced 
chalcedonic silica has increased at the ex¬ 
pense of all tho other minerals, both primary 
and secondary, except quartz, and may be 
accompanied by a small amount of fino pyrile 
grains. Thoroughly altered rock is composed 
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of chalcedonic silica with a little sericito and 
pyrite. Where flow structure is pronounced 
the microscopic Bow partings are partly or 
completely filled with silica ranging from opal 
through chalcedony to typical quartz. Tridy- 
mite is also present in similar occurrences. 

chemical cmivosmo.v and classification. 

The chemical analysis in column 1 of the 
following table represents a gray porphyritic 
variety of the rhyolite occurring south of 
Pinyou Creek. Tho megascopic minerals are 
sanidinc, rutber acidic plagioclaso, quartz, 
biotite, and a little hornblende; the micro¬ 
scopic minerals are tridymite, magnetite, 
apatite, and zircon in a groundmass that is 
for the most part crystalline but contains a 
small amount, of glassy residue. 

The prominouce of quartz and sanidine 
phenocrysts is sufficient to classify the rock in 
the field us rhyolite, and comparison of the 
analysis with those in columns 2, 3, 4, and 5 
shows the Packard rhyolite to bo very similar 
to certain other - rhyolites and dacites in neigh¬ 
boring States. It differs, however, from the 
average rhyolite (column 6) in its lower content 
of SiCX and higher MgO, CaO, K.O, TiO_., and 
P 2 O r ,. These differences indicate that it ap¬ 
proaches quartz syenite aud especially mori- 
zonite, us shown by comparison with analyses 
in Washington's Tables 1 and with the analysis 
[ of the local monzonite given on page 67. 
The monzonitie character is further indicated 
by tho compositions and ratio of the feldspars. 
If the modal plagioclase, os determined opti¬ 
cally, is subtracted from the norm (p. 71), 
the ratio will bo approximately alkalic feld¬ 
spar - (Or 74 Ab i# ) 35 per cent and plagioclase 
(Ab^Aiiji) 29 per cent (allowance being made 
for 6 per cent biotite). According to tho norm 
the rock falls well within tho coordinates 1.4.2.3 
and is a toscanosc. 

1 W&sbinjlon, H. S., Chemical analyse of l^eoas rxte published 
from l &»4 to 1013: U. 8. Gool. Survoy l*rof. Popor90, pp. 16Jr-2l7 f 1917. 
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AnahjM.i of Pndard rhyolite, and similar rods. 



Analysis. 

Molecular 

ratio. 

2 

3 

4 

6 

6 

8iO,. 

(i9. IS 

1.153 

09.90 

70.87 

09.45 

69.95 

72. GO 

AU),. 

14.37 

.141 

15.87 

15.18 

14.92 

15.14 

13. SS 

Fe,O v . 

2.52 

.010 

2.50 

2.18 

3.10 

.38 

1.43 


.57 

.003 

Undet. 

.12 

.23 

.83 

.82 

MgO. 

.70 

.018 

.04 

.00 

.05 

.50 

.38 

CaO. 

1.88 

.034 

1.73 

1.58 

1.19 

1.45 

1.32 

NsuO. 

3.5S 

.058 

3.80 

G- 17 

3. 19 

2. 70 

3. 54 

K„0.. 

5. CO 

. 053 

4.12 

5.01 

5,95 

0.3(5 

4.03 

H.O —. 

.35 





4 f> 


IRO-f.. 

.25 


1.63 

1.08 

1.09 

t)[ 

1.02 


Undet* 


•J7 

TiO. 

. GO 

.009 


Trace. 

.10 

.24 

.30 

ZtO . 

Unclot, 







p.o:. 

. 26 

.002 


Truce. 

.06 

.10 

.06 

so,.. 

Undet. 



Cl. 

Trace. 







Cr a O». . 

Truce. 




. 



MnO. 

. 10 

.not 


Trace. 

07 

.08 

if} 

.12 

BaO. 

.09 

. 001 


.03 


Trace. 






Li*0. 

Truce. 







V as V,C>.. 

.01 

.000 



. 



mo...:.!. 

Tract). 
















99.55 


100.7 

100.12 

100.18 

100. Ofi 

100.00 


1. Packard rhyolite, south of Pinycn Greek, TLaticminingdislrict, Utah. II. N. Stakes, analyst. Tower, G.W.,jr., 
and Smith, G. O., op. oil., pp. 634-G35. 

2. Dacito, McCIellau Peak, Washoe, Nev. F. A, Gooch, analyst. IT. S. Goal. Survey Hull. 17, p. 33, 1835. 
Rhyolite, Pennsylvania Hill, Rosita Hill*, Colo. L. G. Eakius, aualysl. U. S. Geol Survey SeVWiteenfh 

Ann. Rent’., pt, 2, p. 821, 185)0. 

•1. Rhyolite, Sunset Peak, Bear Gulch, YeHovratoue National Park. 1<. G. Bakins, analyst. U. 8. Geol. Survev 
Mon. 32, p. 325,1899. 

5. Quartz porphyry, Modoc mine, Butte district, Mont. W. F. Hillohraud, analyst. U. 8. Geol. Survey Bull. 
188,0.119,1900. 

(>. Average of 04 analyses of liparile and rhvolite. R. A, Duly, compiler. Am. Acad. Arts and'Sci. Proc.. vol. 45, 
p. 219, 1910. 


SWANSEA RHYOLITE (TOSCANOSE). 

0I3TRU1UT10N A Nil STHUtTURAI. RELATIONS. 

The Swansea rhyolite forms one main mass 
nearly three-fifths of a mile long anti averaging 
a quarter of a mil e wide between Robinson and 
Silver City and a smaller mass occupying the 
greater part of the 6,640-foot lull just south¬ 
east of Robinson. The only other known nat¬ 
ural exposures are a thoroughly decomposed 
dike of northeasterly trend on Quartzite Ridge, 
and a small isolnted, badly weathered outcrop 
in the monzonite area about a mile east of 
Silver City. Other dikes of rhyolite of north¬ 
erly to northeasterly trend have been exposed 
in the deeper workings of the Opex, Centennial, 
Eureka, Gemini, and May Day mines. The 
Swansea rhyolite is clearly intrusive in the 
sedimentary rocks. Nearly vertical contacts 
with the quartzite are exposed at the north- 
10-1355 19-1 


west corner of the main mass, where the contact 
dips 80° W., and along the decomposed dike on 
Quartzite Ridge; and similar contacts with the 
limestone may be seen southeast of Robinson 
and along the dikes in the different mines. 

Tho dikes in the mines are of interest in that 
they represent the upper terminations of in¬ 
trusive bodies. Those in the Opex and Cen¬ 
tennial Eureka are regular dikes or pod-shaped 
or fiat masses, in places with a strong southerly 
pitch and pinching out toward the north. (See 
fig. 13, p. 82.) That in the May Day is of sim¬ 
ilar shape but has a northerly pitch. They 
show, where not too decomposed for study, 
clulled margins characterized by a less por- 
phyritic texture than the rest of the rock. 

The contact between the main mass of the 
Swansea rhyolite and the adjacent monzonite 
is not satisfactorily exposed, being for the most 
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geology and ore deposits of tin tic min.no DISTRICT, UTAH. 

(Seo Swansea rhyolite body, is nevertheless further 
suggestive of close connection between the rhy¬ 
olite and the monzonite. 


part marked only by loose fragments 
pj x B.) Only in the saddle half ft mile due 
north of the Swansea shaft is it at all 
shown. Here the two rocks are somewhat 
dovetuded together. A few short d.kehke 
masses of raonzonito occur within the rhyolite, 
but none can be followed move than 3 or 4 


UTHOI.OGY. 


The Swansea rhyolite is dark gray or green¬ 
ish gray where qiiito unaffected by weathering 


vards and none can be proved to connect with ; or by intense silicification, but its prevailing 
•J . rm. I Ksilnf io nnln i>ink which hv nrolonnwl wontlmp. 


the main body of monzonite. They may easily 
lie regarded os inclusions mr the evidence at 


xilor is pale pink, which by prolonged weather¬ 
ing gradually bleaches to light gray or wliite 


hand” The only indication in them of dikelike j more or less streaked with rusty stains. It is 
character is the approximately parallel posi¬ 
tions of opposite sides, but these can not be 
followed together more than 3 or 4 feet. 'Hie 


of dense to very fine grained porphyritic tex¬ 
ture, and some specimens of it may be con¬ 
fused with some of the Packard rhyolite; but 


absonoo of any pronounced evidence of chilling | it is ns a whole more highly porphyritic, has a 


of the monzonite at the contact and its more 
granular texture than that of the rhyolite may 
be regurded as suggestions, though by no means 
proofs, that the monzonite is the older rock; 
but no unbiased observer can draw a conclusion 
from the evidence at this point. The exposed 
contact is also somewhat irregular due east of 
the Swansea shaft, but here again the evidence 
is quite inconclusive. The Swansea shaft 
crosses the contact near the 900-foot level, 
where the monzonite dips ubout 60° W. This 
relation, together with tho stockliko character 
of the monzonite body, may favor slightly the 
conclusion that the monzonite is the younger 
rock. The best evidence, however, is the rhy¬ 
olite inclusion close to two larger inclusions of 
quartzite in tho monzonito east of Silver City. 
No stringers of monzonite could be found in 
the rhyolite, but its blocky form and its close 
association with the undoubted inclusions of 
quartzite can hardly favor any other interpre¬ 
tation than that it too is nr. inclusion. 

The balance of evidence, then, points to the 
rhyolite ns the enrlior of the two rocks; but the 
u© its ul^e of chilled monzonite 
contacts such as are found along the limestone 
shows that the rhyolite, though consolidated, 
was still nt a very high temperature when the 
monzonite was intruded. The triangular 
quartzite inclusion in monzonite in the. saddle 
west of the Robinson triangulutinn station is 
surrounded by u narrow border of quartz por¬ 
phyry very similar to but not identical with 
the Swansea rhyolite in tncguscopic as well us 
microscopic appearance. It grades into typical j 
monzonite and seems best interpreted as due 
lo marginal assimilation. This relation, wlule 
PP o large ft muss ns tho 


more thoroughly crystallized groundmnsa, is 
not glassy, and nowhere shows any of tho pro¬ 
nounced brecciation or How structure so char¬ 
acteristic of the Packard rhyolite. In some 
places the groundmass is sufficiently crystalline 
for the rock to be called n granite porphyry. 
The recognizable phenocrysts,which form about 
30 per cent of the rock, are feldspars, quartz, 
and the remains of thorougldy altered biotite. 
The only distinct megascopic feldspar is the 
alkalic, which occurs in roughly rectangular 
crystals that average 3 millimeters in length 
and are mostly of pale pink color. They are 
hardly transparent enough to be colled sani- 
dine, and under a lens many of them show ft 
distinct perthitio structure. Plagioclaso, 
though abundant, is too ohsoured by alteration 
to be certainly identified megoscopicolly. Its 
crystals are rather dull white, are of poorly 
defined shape, and only rarely show cleavage 
surfaces. Quartz is very prominent, mostly in 
colorless to smoky-gray rounded glussy grains 
ns much ns 2 or even 4 millimeters in diameter, 
with a few well-formed bipyrnmids. Altered 
biotite (determined only microscopically) is 
represented by dark-green spots of chlorite and 
clnstcm of minute black granules of magnetite 
in various proportions. 

The groundmass and to a slight extent some 
of the phenocrysts are at many places im¬ 
pregnated with minute grains of pyrite, which 
may appear in slightly altered (greenish) or in 
thorougldy siliciGed (hard whitish) rock. 
Pyrite is especially prominent in the rhyolite 
dikes exposed in the Opex and Centennial 
Eureka mines. These dikes are remarkably 
soft but retain oil their textural features. 
Other dikes—for example, those in the Gemini 
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mine—lire thoroughly kaolinizecl, and their 
advanced stage of alteration may have been 
duo largely to sulphuric acid derived from 
oxidizing pyrite. 

In thin section tlje texture is finely granular 
porphyritic. The alkalic feldspar in hypauto- 
morphic phenocrysts is microperthitc, in part 
fresh, in part greatly kaolinizcd. It incloses 
grains of all the other minerals. Plagioclase 
phenocrysts are less abundant than those of 
alkalic feldspars. They also are hypauto- 
morphic, and most of them are largely altered 
to soricite and kaolin. The only graius suitable 
for measuring extinction angles (on albite 
twins only) indicated in one section Ab^An^ 
and in anothor Ab, t An ja . Quartz occurs in a 
few rounded or irregidar single grains with 
parted crystal outlines and in many mosaics, 
some of which appear like shattered crystals 
and others like aggregates of rapidly formed 
grains. Many of the more distinct pheno¬ 
crysts are somewhat ooz-roded, especially on 
one side only, the othex side retaining sharp 
boundaries. Bipyraniidal inclusions of gluss 
are present in some quartz crystals. Biotite 
forms a few irregular plates with resorption 
rims, but for the most part is completely 
resorbed and represented by linear groups of 
magnetite specks embedded in a finely granu¬ 
lar colorless mineral, either uustriated feldspar 
or quartz, which could not be accurately 
determined. Some former grains not com¬ 
pletely resorbed are now represented by 
chlorite. Magnetite and locally apatite and 
zircon occur as microphenocrysts among the 
still smaller anhedral grains of the groundmass. 
The magnetite forms some single crystals of 
square cross seetiou but more commonly occurs 
in clusters or composite crystals. The ground- 
mass is a minutely granular mosaic of quartz, 
alkalic feldspar, and plagioclase, specked with 
magnetite and containing scattered grains of 
chlorite or altered biotite. A fesv crystals of 
zircon arc also present. The grains of feld¬ 
spar are for the most port too small or too 
much altered to be distinguished, but where 
distinctions can be rnado the plagioclase tends 
to form hypautomorphic grams, whereas the 
# quartz and alkalic feldspar grains are irregular. 

Alteration products not already mentioned 
are tourmaline and pyrite. The tourmaline 
was found during the earlier survey in the east 


crosscut on the 350-foot level of the Swansea 
mine, now inaccessible. 

According to the earlier report, 1 

II is a megascopic constituent, small spots 01 the Mack 
mineral noth its radiate structure and silky luster being 
scattered throughout the rock. In the thin section this 
quartz porphyry is characterized by an abundance of 
quartz pheuocrysls, with irregular outlines due to mag¬ 
matic resorption. The feldspars are badly altered, as is 
also the cryptccrysfalHu* grouudmass. The tourmalins 
occurs in aggregates of long aoicular pr.sms, with tho 
characteristic croai fractures. It is strongly plcochroie, 
the ordinary ray giving deep-blue and greenish-blue tints 
oud the extraordinary varying from colorlesa to light 
brown, These radiate groups of tourmaline needles in 
part replace the feldspar and in part occur in the ground- 
maas. In one instance an aggregate was noted abutting 
against the edge of a quart* phenocryst. This occur¬ 
rence of tourmaline in a quartz porphyry has many 
points of resemblance to that, described by Weed and 
Pirvsou 3 from the Castle Mountain mining district . Mont. 
As remarked by these authors, this mineral is rarely fouud 
ns a constituent of quartz porphyry, and the Castle Moun¬ 
tains and the Tictie Mountains are the only known 
American localities. 

In some sections pyrito occurs iu minute 
crystals and irregular grains in feldspar and 
quartz phenocrysts and in the groundmass. 
In others it is intimately associated with biotite 
and magnetite, suggesting a primary origin. 
It also fills minute fractures. 

CHEMICAL COMPOSITION AND CLASSITICATION, 

Analysis .1 in the following tabic represents a 
light-gray luicrogrunular porphyritic rock, 
containing phenocrysts of feldspar (somewhat 
altered) and quartz and small amounts of 
microscopic biotite, magnetite, apatite, and 
zircon, with secondary pyrite and chlorite. 

This analysis is very dose to the average 
of quartz porphyries (column 2) and nearer 
than that of tho Packard rhyolite to the average 
of rhyolites. (See p. 49.) It also move closely 
resembles the great majority of analyses of 
Cord filer an rhyolites, quartz porphyries, and 
granites. 3 Tho differences between tho Swan¬ 
sea and Packard rhyolites nre only slight 
however and might easily be duplicated by 
analyses from different specimens of a single 
rock body. They may be accounted for by a 
slight increase of quart 2 and a corresponding 
decrease of feldspars in the Swansea rock. Iu 

1 Towor, 0. W., Jr., and Smith, G. O., op. dt*, p. CM. 

1 Wood, W. H., and Pfisos, L. V., Gnologv of tho Castle Monntnln 
mining district, Mont,: U. S. G*ol. Survey Dull. 139, p. 99, 18 %. 

» 866 Washington, H, S., op. cit., pp. 165-217. 


52 


OEOLOCY AND ORE DEPOSITS OF 


TINTIC MINING DISTRICT, 


UTAH. 


one thin section the plagioclase of the Swansea 
appears to be slightly more sodic than that of 
the Packard, but if the composition of the 
plagioclase is assumed to be Ab T4 An 20 , as de¬ 
termined for that section (which probnblj 
represents an outer zone), there is no excess of 
Xn,0 over CaO to enter into the microperthitc. 
If the composition determined for the other 
thin section examined (Ab^An^) is assumed, 
the composition and percentages of the modal 
feldspars will be. plagioclase (Ab w An M ) 30.17 
per cent and ulkulic feldspar (Or M Ab 1# ) 30.85 
per cent. Those figures appear to be close to 
those indicated by the majority of thin sec¬ 
tions, though in some the umount of albitc in 
the alkulic feldspar seems higher. 


Annlyvi of SwaiMa rhyolite <n\d qunrlz porphyry. 
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in general composition with typical two- 
feldspar granites and is an interesting illustra¬ 
tion of the point made by Watson 1 that 
most granites in the country are virtually 
quartz monzonites. Tho geologic relations of 
the Swansea rhyolite to monznnito are..,even 
closer than tho similarity of chemical and 
mineral composition. According to the quan¬ 
titative system the Swansea, like tho Packard 
rhyolite, is classified as toscanose (1.4.2.3). 

RHYOLITE DIKES. 

The rhyolite dikes, which arc best seen in Lite 
lower workings of the Opcx mine, closely 
resemble the Swansea rhyolite megascopic-ally, 
though their microscopic features are not quite 
the same. The rock is davk greenish gray, 
dense and porpbyritic. Quartz and feldspnr 
nre its only recognizable original minerals, and 
it is highly impregnated with fine pyrite 
crystals. It is for tho most part much decom¬ 
posed, probably from the effects of partial oxi¬ 
dation of the pyrite, and eaves in soon after it 
is exposed in the workings. Only one thin 
section, that of a specimen from a chilled con¬ 
tact, was studied. Tho microscopic appeor- 
nnce of the rock is more like that of andesitic 
or monzonitic than of rhyolitic rock, owing to 
the prominence of narrow plagioclase laths in 
the groundmass. The plagioclase is too much 
obscured by alteration to .seriate and calcite to 
bo accurately determined. Only one very 
doubtful crystal of alkulic feldspar was noted. 
Quartz forms here and there a bipyramidol 
crystal with groundmass inclusions but occurs 
mostly in small aggregates and in poorly de¬ 
fined single granules which are virtually a part 
of the groundmass. The black silicates are all 
destroyed, but biotitc is suggested by the out¬ 
lines of several thin, lath-shaped areas, and 
nugitc by the outline of certain culcito-cldorito 
H SS re g^tes like those which replace augite in 
the monzonitc and latites of the district. 
Magnetite and apatite occur in typical forms. 
The groundmass is very finely and incompletely 
crystalline. It appears to consist, mostly 
of plagioclase, with considerable qunvtz and 
some alknlic feldspar in interstitial anhedrons. 

1 'Nation, T. L., Intermediate (qunrt* monzonitic) ohamcW ol lb* 
central -."A southern Appukchl'in granites, with .1 comparative study 
, , ,,'’ r,nlk ' s of Nour Englir.a ami tho wralcrrt Oui'.od Slalce.' Vlr 
glnit Voiv, Philos. Sec Bull., gel. Mr., vol. I, No. t, pp. l-*0,1810. 
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The observed mineral composition, which 
closely resembles that of the rhyolitic phase of 
the monzonitc around the large, quarts inclu¬ 
sion (p. 68), is intermediate between that of 
the Swansea rhyolite and that of tho monzo- 
nite, the absence of conspicuous nlkalie feld¬ 
spar and the presence of possible augitc sug¬ 
gesting tho monzonite, and the phenocrysts of 
quartz pointing toward the rhyolite. The 
variation from the rhyolite, however, may be 
more textural than chcmicnl, for this marginal 
phaso of the rock may have been dulled before 
crystallization of the nlkalie feldspar, winch in 
the local rocks follows that of the plagioclasc, 
had proceeded far enough to produce conspicu¬ 
ous phenocrysts. 


brown pleochroism. It is partly weathered to 
limonito. The groundmass is made up of 
feldspar laths, a few of wltich have albite 
twinning and all of which have approximately 
parallel extinction. They probably comprise 
both oligoclasc and sanidine but are too minute 
to permit exact distinctions. 
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RHYOLITE OF TINTIC MOUNTAIN. 

The rhyolite on the west slope of Tintic 
Mountain was not visited during the recent 
survey, but as it is distinct in appearance from 
the others, the following description is given. 
It should lie, according to the earlier mup, 
within the lower part of the lutito-andesitc 
scries, though the possibility of postvolcanic 
faulting throws some doubt on its exact posi¬ 
tion. It is of very light gray color where fresh 
and of dense porphyritic texture. The only 
visible mineral is sanidine in colorless lath¬ 
shaped crystals showing distinct Carlsbad 
twinning. The rock in thin section is por¬ 
phyritic with a trachytic groundmass. The 
phenocrysts arc plagioclnse, sanidine, and bio¬ 
tite. None of quartz were noted. In one 
thin, section rectangular crystals of plagioclnse. 
as much as 3 millimeters long outnumber those 
of saniclino; in another section the reverse is 
true. The plagioclase is faintly zoned, is 
twinned according to both Carlsbad and albite 
laws, and has tho extinction angles of calcic 
oligoclnse or sodic andesinc. The sanidine 
crystals are all Carlsbad twins in parallel align¬ 
ment and with curved ends resembling the 
prow of a boat. They have n rough parting 
parallel to 100. One snnidine crystal inclosed 
a small crystal of plagioclase of greater refrac¬ 
tive index, which accords with the extinction 
angles found. Both feldspars are free from 
conspicuous weathering. Biotite, which is 
scarce, forms crystals 1 millimeter or less in 
diameter with light-yellow to deep red dish- 


Although the absence of quartz evon in thin 
section suggests the namo trachyte, tho high 
percentage of silica in tho analysis and that, of 
quartz in tho norm show that the rock should 
ho classified with the rhyolites. The free silica 
evidently forms minute interstitial films, loo 
small to be detected, among the feldspars of 
the groundmass. The ratio of albite to anor- 
thito in the norm is greater than that indicated 
by the optical properties of tho plagioclase and 
implies that a considerable proportion of the 
albite is present in the sanidine, and also that 
the plagioclase in the groundmass is more sodic 
than the phenocrysts. Tho sodic character of 
the alkalic feldspars is a feature common to tho 
Packard and Swansea rhyolites. The total 
lack of magnesia does not l'ullv accord with tho 
results of optical study, but the biotite is so 
scarce and thinly scattered that the small chips 
used for analysis may not have contained uny. 

This rock, as compared to the earlier rhyo¬ 
lite, is more distinctly crystallized and very 
free from silicification and hydration. The 
two rocks therefore can not be correlated on 
microscopic evidence, but tho probnblo position 
of the. rhyolite west of Tintic Mountain, within 
tbe lower part of the great, latite-andesito 
series, may not bo far from that of the earlier 
rhyolite. The rhyolite ol‘ Tintic Mountain 
differs physically from the Packard and Swan¬ 
sea rhyolites in the absence of quartz pheno- 
crysts and hi the trachytic character of the 
groundmass. In percentage of silica, however, 
it lies between the two. It is a little higher 
in the alkalies and lower in lime and muguesia. 
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general relations. 

Igneous rocks erupted ln-tcr than the rhyo¬ 
lites just described include a great series oi 
effusive latil.es and possibly andesites, only a 
small part of which wore examined during the 
recent survey, intrusivo bodies of nionzonite 
porphyry and monzonito, and small intrusive 
sheets of basalt. (See PI. I.) These, so far as 
possible, are described in the order of geologic 
sequence, which lias been definitely determined 
only at the few places cited in the following 
table. The proofs or indications of the se¬ 
quence at these places uro given in the descrip¬ 
tions of the different rocks. 


bedded with thorn, and their strikes express roughly a 
semicircular arrangement. The area covered hy this se¬ 
ries ci tnffa ia something over 2 squt-ro miles aud clearly 
represents a section of a \olcauic cone. The point indi¬ 
cated as the center from which these fragmental deposit 
dip is approximately the nose of this ridge, aud examina¬ 
tion of this locality furnished the second piece of evidence 
as to the position of the volcanic vent. 

The western end of Volcano Ridge has an elevation of 
over 7.000 feet, and thence the decent is sharp to Tinfie 
Valiev. At this point the hedded tuffs give place to a rock 
which is strikingly agglomeratic. On the knob just eastof 
the end of the ridge limestone blocks of cobhlcstono Bize 
aro abundant in the coarse luffaceous material. As the 
nose of the ridge is reached blocks of quartzite become 
more abundant than those of limestone. Several Busses 
of white vitreous quartzite occur, standing 20 to 30 feet 
above the dark-green and gray volcanic material. 
These blocks arc plainly embedded iu the latter material, 


Sctpuncc of pontrhyolite igr^ous root* i« Tintic dulrirl. 


Volcano Ridge and Sunrise 
Peak. 

Vicinity of Sunbeam mine. 

| Euit oi Northern Spy shah. 

South of Laguna station. 

Monzonite porphyry dikes. 
Monzonito [xjrphyry and asso¬ 
ciated lalitcs. 

Angile latite. 

Monzonite. 

Moozouite or latite (?) 
porphyry. 

f Coarser biorite-augite Ictitc. 
(Finer augite-biotiUi latite. 

1 

Hornblcndo-biotilo-augite 

latite. 

Tuff zuil agglomerate with 
rliyolito fragments. 

Tuff. 

fnterbedded tuffs and la- 
tites. 

Tuff and agglomerate. 

Rbyolito tninotly inclusions'. 


| Rhyolite. 

Rhyolite. 


LAT1TE TUFFS AND AGQLOSIERATES. 

VOLCANO RIDGE. 


Tho lowest member of the series, wherever 
the sequence enn be definitely determined, is 
latito agglomerate and tuff. It is best exposed 
around Volcano Ridge, over 2 miles southwest 
of Diamond, whero it forms a very thick series 
of bods, dipping concentricully away from the 
noso of (lie ridge, which was evidently a center 
of eruption. The present writer has studied it 
only along the southeast base of Sunrise Peak 
and the crest of Volcano Kidge, and his obser¬ 
vations confirm Smith's description in the ear¬ 
lier report, 1 which is as follows: 


The western half of Volcano Ridge is seen to bo the 
remnant of a deeply eroded volcanic zone. Erosion has so 
well exposed Ihodiffctent parts of the old volcano thatthu 
character of the eruption and tho sequence of iu products 
can bo quite definitely determined. 


1 ho volcimvc center is indicatod in two ways. Tho th i 
basis of fino and coarse greenish tuffs have dips of 10° 
20 °. These pyroclastic* have sheets oi andesite int 


1 ’* ^ ■■ jr., “ 0,1 Smith, Q. O., cp.ell., pp. i.vcezi, “ ,v, 

ttc in It* aarti w «■;•>, rt v>x-. ; r load el to lucterU It,, btlta* u w< 
Mty ln» iui.!o.jii, in ilw .lbtrict. 


as the softer material ban been eroded away in several cases 
so that the lower surface of tbe quartzite block ia exposed. 
• * * Rhyolitic material is also found on the slopes at 
this locality arid is extremely fragmental iu character. 
The agglomerate here in its coarsest phase contains frag¬ 
ments of rhyolite, andesite, quartzite, limestone, and 
shale, while the finer portions are seen under the micro¬ 
scope to contain mineral fragments as well as particles of 
gla-s, the latter exhibiting somewhat of an ash structure. 

With this agglomerate are associated irregular sheets and 
dikes of andesite, the whole presenting rather confuted re¬ 
lations [though many of the dikes haveroughly radial posi¬ 
tions as shown ic Plate I], This intimate mixture oi lava 
and pyroclastic material is such as might be expected at 
or near a volcanic vent.. Dikes of andesite porphyry are 
also prominent on the slopes oi Volcano Ridge. 

On the extreme end of Vcilcauo Ridge, not fax above 
the valley level, there occurs a mass of quartzite several 
hundred feet in diameter. This and a much larger area 
of quartzite somewhat over a mile distant to the southeast 
doubtless represents uncovered portions of the underlying 
quartzite which was engulfed in tbe Bows of lavs, and de¬ 
posits of volcanic e’uctamenta. The presence oi three 
kinds of sedimentary rock in the agglomerate shows that 
ihe pointof eruption was close to the contact of the Robin¬ 
son (1 Lntie] quartzite (which was mapped to include the 
overlying shale or slate] and ihe Eureka [Teutonic] lime¬ 
stone. [A small uncovered limestone area near the eastern 
end of Volcano Ridge confirms this conclusion.] 
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It ia probable that the Volcano Ridge vent was but one 
of several eruptive centers, as extremely coarse breccias 
occur in the volcanic series of Long Ridge, about 9 miles 
to the southeast. On Volcano Ridge, however, the rela¬ 
tions are best exposed, and this volcanic center is more 
fully described since it ia believed to be typical of the 
earlier eruptions of [the postrhyolite] andesite in the 
Tintie .Mountains. 

The inclusions of rhyolite prove that the 
andesitic agglomerate and tuff arc later than 
the rhyolite in this vicinity, but those of andes¬ 
ite show that the agglomerate and tuff do not 
represent the very earliest andesitic eruptions. 
That they arc older than any of the adjacent 
volcanic rocks is proved by their eastward dip 
beneath the flows and by the clearly intrusive 
contact of the monzonite porphyry to the 
north. 

Tlie small area of coaTse and tine grained to 
slaty tuff northeast of Sunrise Peak is clearly 
a northward continuation of the Volcano 
Ridge series, out off from it by the later intru¬ 
sive Sunrise Peak mass and uncovered by the, 
erosion of overlying flows. It dips gently 
northeustword and its contacts are for the 
most part well oxposed as far north as Dia¬ 
mond. Thence northward it dips beneath the 
surface, but its exact boundaries are concealed 
by talus and alluvium. 

The character and extent of tho matorial at 
Horseshoe Hill, wost-southwest of Diamond, 
is greatly obscured by profound alteration and 
disintegration. Hardly anything but bleached 
debris can bo found, some clearly of tuff and 
somo quite undeterminable. Thin sections 
prove its similarity in texture and composi¬ 
tion to tho finer tuff of Volcano Ridge. 

Another small body of tuff, only doubtfully 
correlated with tho tuffs of Volcano Ridge, is 
found on the low spur south of the Sunbeam 
mine. Here, too, tho lithologic character and 
structure of the material are greatly obscured 
by profound alteration and disintegration. 
Undoubted tuff can bo recognized at a few 
points from tho Triumph shaft southward, but 
absolutely no structure can be determined. In 
fact, alteration has so thoroughly bleached 
both the tuff and the adjacent monzonite por¬ 
phyry that only the most generalized bound¬ 
ary can bo drawn botween them. Tho fact 
that tho tuff is inclosed or possibly overlain 
by uionzonitic porphyry, together with its 
composition as shown by tho microscope, af¬ 
fords tho basis for its correlation. So far us 


general appearance and location go, it might 
bo considered a thoroughly altered mass of tho 
rhyolitic tuff, which evidently extended farther 
south of Sioux Pass than its present outcrop, 
but in tho absence of any closely associated 
earlier rhyolite or Packard rhyolite, all ovidouco 
to provo such a correlation is lacking. 

LAGUNA. 

Another distinct series of lutite or andesite 
ngglomorate and tuff is exposed in the gorgo 
of Pinyon Crock at Laguna station, near the 
northern boundary of tho Tintie quadrangle. 
It lios directly upon the obsidian at tho top 
of tho Packard rhyolite end beneath one or 
more flows of latite or andesite. It has been 
traced southeastward over 2 miles but. is con¬ 
cealed through much of this distance by talus. 
It may extend much farther south than the 
map indicates but was not noted during tho 
short time devoted to the roconnnissanco oast 
and south of Goshen Slope. Its texture is 
very uneven. It includes somo distinct beds 
of very tine, soft, sandy tuff, almost free from 
angular pebbles, but in most exposures largo 
cobbles of obsidian are embedded without defi¬ 
nite arrangement, in tho finest matrix. Tho 
textural character suggests correlation with 
tho volcanic series of Long Ridgo mentioned in 
Smith’s statement and furthor emphasizes his 
opinion that andesitic tuffs must have been 
erupted from more volcanic centers than the 
ono at Volcano Ridgo. The table on page 54 
shows that the Laguna tuff, like that of Volcano 
Ridgo, lies at the base of tho lutite-undesito 
9erios, but study of the map (IM. I) will show 
that the two bodios of tuff can not be prod¬ 
ucts of tho samo eruption. Such a correlation 
would also hare to account for tho fact that 
the tuff at Laguna, far removed from the center 
of eruption, is much coarser than most of tho 
material close to the center itsolf. 

Other beds of tuff, noted during the earlier 
survey but not visited by tho writer, occur 
northeast of Diamond Divide, north and wost 
of Tintie Mountain, in Big Dog Canyon, and 
on Long Ridgo. 

LITHOLOGY. 

The megascopic character of the latite tuffs 
has been described in the preceding para¬ 
graphs. Jn thin section the inclosed rock frag¬ 
ments include latite or andesite, quurtzito, 
limestone, and a little glass)' lavu; tho mineral 
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fragments are pliigior-lo.se, augito, hyporathene, 
biotile, magnetite, quartz, and alteration min¬ 
erals, including chiefly chlorite, epidote, sori- 
eito, calcile, quartz, and chalcedony or opal. 
Plagioclase is the most abundant mineral and 
includes some grains of so acidic a composi¬ 
tion that they may well be. fragments of phen¬ 
ocrysts from the older rliyolito. The primary 
quartz is probably derived from the older rhyo¬ 
lite and is in somo sections, together with 
angular areas of secondary quartz, sufficiently 
abundant to give the appearance of rhyolitic, 
tuff. Certain thin sections from Volcano 
Ridge, Crystal Canyon, and Horseshoe Hill 
present this appearance, hut in the altered 
tuff south of the Sunbeam mine the little quartz 
present is evidently all secondary, and in this 
respect the material differs from the rhyolitic 
tuff farther north. 

AUOITE LATITE OF VOLCANO RIDGE. 

niSTitlllOTION. 

Directly overlying the tuffs of Volcano Ridge 
is a flow of augito latito, about .'100 feot thick, 
dipping gently southeast. Its effusive char¬ 
acter is marked by an upper vesicular oremyg- 
daloidal phase seeu in the saddle north of 
Buekhom Mountain. Two soctions across it 
wore made, ono just southeast of Sunrise Peak 
and one along Volcano Ridge, and in neither 
was any evidence found to prove tho presence 
of more than one flow of rock of this typo. It 
has net been followed south of Volcano Ridge. 
Toward the north it thins somewhat and is 
cut off and covered by the mass on Sunrise 
Peak. It has not been found north of Sun¬ 
rise Peak in its expected position above tho 
luff in (Yystul Canyon. Eastward-dipping sills 
of rock of the same typo in tho tuff of Volcano 
Ridge, together with the evidence above men¬ 
tioned, suggest that tho uugitc latito was 
erupted from tho Volcano Ridgo vent and 
I lowed southeastward but did not extend north¬ 
ward beyond tho position of Sunrise Peak. 

LirnouKSY. 

The rock is dark greenish gray, dense, and 
111 • P° r ph.vntir, containing lath-shaped phe- 
nocrysts of plagioclttso and of shiny black 

augito r “ n S° from specks up to 

than 2 nulhmoters. Tlie two minerals are 
about equally abundant, though the plagioclase 
luaj slightly predominate. 


In thin section (he plagioclase phenocrysts 
have extinction angles indicating a composi¬ 
tion near Ab >10 An w . They are as a whole un¬ 
altered, but a very few crystals are slightly 
impregnated with small granules of epidote 
and chlorite and minute needles resembling 
uralite. The augite phenocrysts have a pnlc- 
greon to yellow plooeltroism. The larger crys¬ 
tals arc partly and some of the smaller ones 
completely altered to the same secondary 
minerals that were noted in the feldspar. 
Apatite and magnetite are conspicuous under 
a high power, forming mierophenocrysts of 
typical shapes. The groundmass appc-urs to 
consist of a glassy base crowded with minute 
laths of plagioclase and with the alteration 
products of augito granules, which tend to 
produce a more or loss distinct opbitic texture, 
A partial chemical analysis and the. corre¬ 
sponding partial norm are given below. 

Partial analytes and norm, of augite ixlite. 
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MgO. 

53. 75 

57. 65 
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3.22 
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24.46 

ChO. 

5. 95 

0 5. 71 
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3 59 
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29.47 
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70. 31 

74. 59 


93.78 


“ Inoltiil 5 0.16 per cent BoO md 0.07 p<T cent 8rO. 


1. Augite latito of Volcano Ridge. George Su-i-er, 
analyst. 

2. Average laiile. Daly, R. A., Average ehuuiical 
riimpositions of igneous rock t.vpos: Am Acad. Aria and 
Sci. Pros., vol. -15, p. 221, 1910. 

The amount of potash, corresponding to 
24.-16 per cent of orthoclase, is especially note¬ 
worthy, us no orthoclase or biotit e was de¬ 
tected in thin section, and therefore they must 
ho present in the glassy groundmass. This 
feature is sufficient to classify the rock us a 
latito, os is also the close similarity betwcon 
analyses 1 and 2 in the above table. The 
ratio of nlbitc to unortliite in the norm docs 
not correspond closely to the rat io indicated 
by tbe optical characters of the plagioclase 
phenocrysts, and the discrepancy is even more 
obvious if it is realized that a considerable 
pint of the normative auorthite belongs to 
augito. This is explained by the probability 
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tblit the plagioclase laths in the groimdniass 
arc more sodic thnn the phenocrysts anti that 
a considerable part of the soda may, like all 
the potash, he represented by the glassy part 
of the groundniass, The plcochroism of the 
augite, furthermore, .suggests that it may con¬ 
tain a small amount of the aegirite (soda-iron 
pyroxene) molecule. The small excess of 
silica in the norm is doubtless no more than 
enough to enter with iron into the augite. It 
is improbable that there is any free silica, 
equivalent to quartz, in the. glassy groundmass, 
and in this respect the augite latite differs from 
the principal intrusive bodies of inonzonite 
and monzonitc porphyry. 

The amygdaloidal variety at tho top of the 
flow is more greenish in color and contains 
elongate nmygdulos filled with calcito, more 
or less chlorite (pennino), and opaline silica. 
Whore conspicuously weathered it is hloached 
to a gray and tho amygdules are completely 
leached out save for a little residue of yellow 
earthy limonito. In thin section tho augite 
is noarly all replaced by aggregates of calcito 
and chlorite (dolessito ?), and tho plagioclase 
has altered to calcito and soricite with a little 
chlorito and chalcedouic or opalino silica. 
Tho texture of the groundruass is still distinct. 

OTHER OCCURRENCES OP AUGITE LATITE OR ANDESITE. 

Thin sections of specimens of augite andesite 
(or latite) collected during the earlier survey 
wore also studied. At two localities, west of 
Tintic. Mountain and north of Diamond Divide, 
the microscopic features of the rock, including 
tho composition of tho plagioclase (uoar 
Ab M An n ) are quito liko those of the augite 
latite of Volcano Ridge. The rock west of 
Tintic Mountain, according to the topographic 
map, may well be the southward continuation 
of tho same flow, but such a correlation of the 
rock north of Diamond Divido would probably 
necessitate the presence of a fault with up¬ 
throw on the east. Similar rock occurs west 
of Slate Jack Canyon and oast, of Long Ridge. 

aONZONTTE PORPHYRY AND RELATED LATITE FLOWS. 

DISTRIBUTION and STRUCTURAL RKLATlON*. 

Sunrise Peak, south of Diamond, is com¬ 
posed entirely of u uniform mass of dark-gray 
to greenish-gray porphyry, having the chemical 
composition of monzonitc but ranging in 
texture from monzonite to latite. It is 


geologically one of tho most significant rock 
masses in the quadrangle, for it shows the 
connection of flows with a second volcanic 
nock. Tho contacts around Sunrise Peak, 
where well exposed, are dourly intrusive. 
This relation is host shown in the canyons 
along tho southeast and northeast bases of 
tlio peak, where vertical dikes of the Sunrise 
Peak rock project into the beds of tuff erupted 
from the first vent. As the tuff bounds 
Sunrise Peak on throe sidos (see PI. I) the 
wholo peak must be considered an intrusive 
mass. Many of tho dikes on the noso of 
Volcano Ridgo are similar in megascopic 
appearance and composition to tho rock of 
Smiriso Peak and may bo in part a product of 
the same erupt ion. 

Tho connection between the Sunrise Peak 
mass and undoubted surface flows is perfectly 
exposed along the east half of tho peak. On 
the southeast side the contacts with tuff and 
abovo this with the lino augite andesite are 
dearly marked, but nbovo tho andesite tho 
Smiriso Peak rock continues across the saddle 
and forms the neighboring summits to the 
east. As the distance increases flow structure 
and brocciution typical of effusive lavas may 
ho noticed, hut any chauges in structure and 
texture are so gradual that texture alone can 
not serve to indicate the intrusivo or effusive 
nature of the rock. In fact, it is impossible 
to distinguish between hand spociinons taken 
from the summit of Sunrise Peak and from 
tho peaks and ridges immediately to tho oast 
or northeast, including tho ridge northeast of 
Diamond. (Soo PI. I.) 

How many flows were oruptod from tho 
Sunrise Peak vent is not known. So far as 
is shown by any positive evidence in the 
disintegrated outcrops directly oust of Sunrise 
Peak, there may bo but one enormous flow; 
but on Buckhorn Mountain, a mile farther 
south, there appear to be at least two, and 
detailod work may disclose several. 

In Crystal Canyon, on the northeast side 
of Smiriso Peak, tho tuff is clearly shown to be 
cut on its west side by the intrusive rock and 
to be overlaui on its oast side by rock of the 
same type in nearly horizontal position. Just 
east of Diamond one of the dikes can be 
followed across the canyon and up the slope 
through the tuff to n point where it connects 
with the overlying rock. 
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North of Diamond, where the tuff pitches 
below the surface, no boundary can bo drawn 
between the intrusive and the effusive rock 
'Hie rid<*o to the northoast must consist of 


where it becomes confused with bleached rhvo- 
litic material of spherulitic. and tuffaceous tex¬ 
ture. At no place is the contact well enough 
exposed to give definite evidence, but from the 


rtiTnijivH'rock but the rocks in the area north [ facts that the limestone surface appears to 
of Diamond Gulch, includuig treasure Hill, 
and in the area north of Ruby Hollow as far 
as the vicinity of Sioux Pass, aro of doubtful 


Volcanic tuff 


slope beneath the porphyry and that there is 
no change in the texture of the porphyry, 
whether close to or remote from the contact, the 
interpretation of the porphyry 
as an effusive seems plausible. 
A more convincing argument 
is furnished by the quite dif¬ 
ferent character of thcinonzonite 
contact of the Silver Cit y stock, 
where rock of grnnular texture 
extends within a very few feet of 
the surf ace, oven in thcsmaU area 
just north of Sioux Pass. More¬ 
over, the monzonite contacts, 
character. Tho rocks in and around the I where not vertical, slope beneath the limestone, 
areas of poorly exposed tuff north and south or in a direction just opposite to that of the 



Fi rat ft. —livable afrdlca elf''* trending 8. Si* B., showing letiUon of porphyiy InliiEtt- 

v.o south of iSou* Pm. Oo, OjwkoKir* tiroasione; Od, Dluebeil dolomite; Tbl, Jijti'.o 
BiUto; Tmo, roouaaiu porphyry- 


of Ruby Hollow aro so thoroughly bleached 
and disintegrated that the character of their 
contacts with tho monzouito porphyry could 
not. bo determined. It is therefore not known 
whether the rock of Treasure Hill is a north¬ 
ward extension of the Suuriso Peak intrusion 
and cuts up through the. tuff 
or is a westward continuation 
of the ridgo northeast of Dia¬ 
mond and overlies the tuff. 

North of Ruby Hollow the 
texture of the highly disinte¬ 
grated porphyry shows nothing 
strongly indicative of effusive 
character, but the position of 
the rock, east of the tuff, is 
suggestive of it, as is the 
nature of the limestone and 
porphyry contact, from the 
Di'ugou iron mine northward 
to Sioux Pass. (Seo figs. 0 


monzonite (or latite) porphyry. (Seo figs. 8 
and 0.) 

The highly metamorphosed character of the 
limestone along the contact around the Dragon 
iron mine may suggest that the porphyry at 
tliis place ia intrusive; but whereas contact 
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KiOcrr 7. Section Iron Blow®, No. 1 Itluvft, showing relation of surface lo known 

underground twiir«wi of limestone and porphyry. 


ami !•) have proved that the limestone sur¬ 
face slopes steeply southward lxmeath the por¬ 
phyry, and the intrusive contacts exposed on 


800 and 


metammplusm is conspicuous in the canyon 
bottom, it is absent along the contact at the 
top of the ridge just north of the Governor 


1 Finn Tall * -— - 'O'- j via w* vuo '■* -- 

’ 1,0 < H im> Ihose of the shaft, although the limestones here must have 


monzonite of the Silver City stock, not the 
porphyry under discussion. On the surface 
the boundary of tho porphyry, marked by dis¬ 
integrated and thoroughly altered material, 
extends obliquely up the slope to Sioux Pass’ 


formed the footwall of the contact. The same 
limestones have undergone lnetamorphism to 
the northeast and west, uonr contacts with the 
undoubted monzonite, which is behoved to be a 
later intrusion, and it is quite possible, for the 
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following reasons, that nil the contact metn- The above outlined evidence, though not 
morphism may be attributed to this rock. Tlie entirely convincing, favors the interpretation 
distribution of contact metamorphism shows of tho porphyry north of Ruby Hollow and 
a direct relation to the positions of (he main west of Ruby Canyon us effusive. On the east 
mon/.omte body cast of Diamond Puss and tho side of Ruby Canyon, along tho southward- 
small stock east of the Carisa mine, strongly sloping spur, the rock, which is mostly bleached 
suggesting that the two are connected at no is of the same character as that on tho west 
very great depth. Tho eastward bulge of the side, but at the north end of the. spur and from 
granular monzonitu at the Martha Washington that point along the cast-west ridge tho effusive 
shaft, the presence of intrusive monzonite on character is clear beyond possible doubt, Tho 
the 800 and 1,000 foot levels of tho Dragon iron exposures here have distinct tuxitie and rather 


I 



1 Vi UR3 8.-~8*clJon through Dragon shtif I and drill ho.’o o;. t- <»tiihrn.xt of Brooklyn abaft (along lino I>-D, PI. IV), 
sliowix£ underground extent of limostrno and porphyry. For expl^nation of symfcuU i«eo Plato IV. 


mine soutli of the shaft and in the lower part well-defined fluidal structure, and porphyritio 
of the drill hole east of the Brooklyn shaft rock iUternat.es with obscure masses of tuff, 
(fig. S), the exposure of a granular monzonitc Along the eastern half of the ridge dist inct beds 
dike in probable effusive porphyry along the of coarsely aud fiuely porphyritio texture wore 
railroad -1,500 feet farther northeast, and tho recognized, the coarse overlying tho fine. The 
presence of dikes in the Iron Blossom No. 1 same relation between coarsely and finely por- 
workings, point to a parallel northeastward ex- phyritic beds exists 2 miles farther cast, beyond 
tension of the monzouite which may have pro- the small patch of Packard rhyolite, and 
duced the inetumorphism in and around the adds somewhat to the evidence indicating the 
Dragon iron mine. It idso seems more rea- direction of faulting shown on the map (PI. I). 
sonahle to regard the metamorphism as due to No further attempt was made in tho time 
an underlying extension of the granular men- available to study tho extent oi the effusive 
/unite than to the' quickly chilled mouzonitc rocks connected with tho Sunrise Peak erup- 
porphyry of tho Sunrise Peak eruption. tiou, or to distinguish different flows. On tho 








is, Ilia rocks of the Sum-iso Peak typo) are con¬ 
fined in general to tho eastern slope of tho con¬ 
trol portion of tho range. 

I.ITHOI.OCIY, 

Tho rock at Sunrise Peak is dark gray to 
groonish or brownish gray where reasonably 
fresh, but with increased weathering becomes 
bleached to chalky whito more or loss blotched 


forms conspicuous 6-sided crystals from 1 to 3 
millimeters in diameter. Its color varies from 
shiny Mack where fresh to greenish and brown 
where altered or nearly white where loaclung 
has been extreme. Augitc forms minute 
irregular pitchy black grains. Its former 
presence in weathered specimens is marked by 
small palo rusty spots. 

In thin section tho rock of Sunrise Peak is 
seen to range from quartz monzonite porphyry 


1 Towo, Q. W., jt., auil South, 0. O., op. eiU, p. OS). 





A PHOTOMICROGRAPH OF MONZONITE PORPHYRY FROM WEST SLOPE OF SUNRISE PEAK. 
P, Plagioclase; B, biotite; A, auqite. Maqnified 40 diameters. 



B. PHOTOMICROGRAPH OF LATITE PORPHYRY FROM SUMMIT OF SUNRISE PEAK. 

P. Plaoioclase; B, biotite; A, aupjte. Magnified 40 diameters. 
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A. PHOTOMICROGRAPH OF LATITE PORPHYRY FROM RIDGE EAST OF TREASURE HILL. 

P, Platjioclasa; B. biotile; A, augite. Magnified 4C diameters. 
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to latite porphyry. The plagiodase is too 
much alto rod and too poorly orionted to be 
accurately determined, but. in most sections its 
extinction angles indicate a composition near 
Abv.AiUo- The usual alteration products, sori- 
cite, cpidote, and cnlcite, are present, and in 
some sections chlorite (pennino) also, which 
replaces certain zonos of tho plagiocluso. The 
biotite is vory conspicuous and where unaltered 
is quite typical. Most of its crystals are in 
greater part, or wholly altered to chlorite 
(pennine) accompanied by more or less epidoto 
and in a few sections by calcite. Tho augito 
occurs mostly in poorly shaped prisms and 
irregular grains, 1 millimeter or less in major 
diameter, and most, of it. is virtually a constit¬ 
uent of the groundmass. Many of the larger 
grains are simply twinned and show a distinct 
palo-green to yellowish-white pleochroism. It 
is more or less altered to chlorite (pennino or 
locallydolessite ?),opidote, and calcite. Magnet¬ 
ite and apatite form typical mierophcnocrysts, 
and in one section several small titanito crystals 
were noted, one of them inclosed in biotite. 

The groundmass varies in texture. In some 
sections— for instance, from the lower west 
slope of Sunrise Peak and from one of tho dikes 
extending into tho tuff—it is mierogranular 
and shows the composition of a quartz ruon- 
zonite, containing short, distinct laths of 
plagiocluso and irregular grains of augito and 
biotite with interstitial grains, some of them 
roughly poikilitic, of alkalic feldspar and more 
or loss distinct quartz (PI. XIV, A). In 
others—for instance, from tho summit of Sun¬ 
rise Peak and close to the Horseshoe Hill 
contact—tho groundmass is composed of small 
plagiodase laths with some augito and biotite 
in a brown glassy matrix, a texture identical 
with that in sections from near-by hills in the 
effusive area (PI. XIV, B). Thus, while tho 
megascopic transition from intrusive mon- 
zonite to clearly effusive latito is found at a 
considerable distance from Sunrise Peak, tho 
microscopic transition takes place within the 
upper part of tho peak itself. Augito is more 
conspicuous than biotite in tho groundmass, 
though the reverse is true of the phenocrysts, 
and evidently crystallized as a whole later than 
the biotite. Alteration of the groundmass to 
opidoto, chlorite, sericito, calcite, and secondary 
quartz, or cholcodony, is very common. 

'Specimens from tho area of effusive rocks are, 
fts already stated, in large part essentially of the 


same character as those from Sunrise Peak, but 
certain differences, especially in color and de¬ 
gree of weathering, are widespread. Though 
tho fresh rock is dark gray, the outcrops have 
on weathering, which lias been more pro¬ 
nounced than at. Sunrise Peak, acquired purple 
or reddish colors. Where breocinted and How 
structure is well developed the rock is much 
more weathered than where it is massive. In 
thin section the phenocrysts are similar to 
those of the Sunrise Peak rock, tho plagiodase 
being near Ab fl# Aii j0 or slightly more sodic. 
Augito is scarce or absent, but as u rule its 
typical alteration products and crystal outline 
ure recognizable. The groundmass in speci¬ 
mens collected near Sunrise Peak—for example, 
east of Crystal Canyon and on the ridge north¬ 
west of Dry Canyon near the 7,300-foot con¬ 
tour—is identical with that at the summit of 
Sunrise Ponk (PI. XV, A). In specimens col¬ 
lected (during the earlier survey) at greater 
distances—for example, northeast of Diamond 
Divide and at the north end of the main lutite- 
andesito ridge—-the groundmass is more highly 
vitreous and shows marked microscopic, flow 
structure and more or loss perlitic cracking, 
and there are relatively few phenocrysts. 

OTHER MEMBERS OF THE LATITE-ANOESITE SERIES. 

VARIETIES ANI) nlSTMinmON'. 

Other members of the latitc-andcsite series, 
which according to the curlier report 1 cover 
t he greater part of the area, include the follow¬ 
ing varieties : Augite-hypersthene, augite-hyper- 
stlicuo-biot ite, hornhlende-augito, hornhleude- 
biotite-augite-hypursthene, and hornblende-bio- 
tito-augitc. Their distribu tion and extent have 
not been definitely worked out, but specimens 
from different localities arranged according to 
composition show the following groupings: 


Oicurreiw of vunUics of lathe-antk-JsiU in Tbuio d'ulricl. 
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GEOLOGY AND ORE DEPOSITS OF IIN1IC MINING DISTHK-1, UTAH. 


Although it is very probable that there may 
be more than one flow of tho same mineral 
composition and that some flows were erupted 
from different centers than others, and although 
nothing definite is known of tho succession of 
the flows at these different places, the foregoing 
table is of interest in suggesting a moans of 
correlation which may help toward the further 
identification of postvolcanic faults. 

imiOLOGY. 

The following brief notes will serve to sum¬ 
marize the important characteristics of the 
different varieties. They are, with one excep¬ 
tion, based on stud} 1 ' of thin sections made for 
tho earlier report. 

/I ugi!e-h ypersthene-o iotite variety. —Tho plagi- 
odaseshows a marked zonal growth and has the 
average composition of basic labradorito, rang¬ 
ing from bytownito {Ab-^An*,) to basic oligo- 
clase (AbjjAn*,). The augite has tho same 
properties as that in tho lavas already de¬ 
scribed, including a pale-green to yellowish 
pleochroism. It grades from prisms 2 or more 
millimeters long down to minute anhedrons in 
the groundmnss. Hypeisthene varies in quan¬ 
tity. In some sections it forms a few scat tered 
crystals; in others it is quite as prominent as 
tho augite. It occurs in short, stout prisms, 
mostly 1 millimeter or less in length, and has 
a marked plooehroism from pale brownish red 
to colorless. Biotito, magnetite, and apotito 
present the same features as in all tho other 
volcanic rocks of 1 ho district. The ground- 
mass ranges from minutely lioloorystolline to 
glassy but in nil sections is of typical effusive 
character. A chemical analysis ot a specimen 
of this variety collected on Tintio Mountain 
and snid in the earlier report 1 to represent ‘‘a 
typo very important areally and belonging to 
the latest eruption" is given on page 67. 

Ifornblcndc-bwtiU-auyite rarirty. —-The horn- 
blemlo-biolite-aiigitc variety was found by the 
writer in the northern part of the area, whole 
it occurs as an extensive flow north and south 
of Laguna station and ns a dike cutting rhyolite 
about a mile southeast of Pinyon Peak. The 
flow overlies course Utile agglomerate and tuff 
which iu turn rest upon tho Packard rhyolite’ 
but no relations with any of the other latito 
Hows were found . 'Hie dike is exposed in a 

1 Tov<t. O. w.,)r„ nnil Srauh. 0. 0., o|>. clt.,p.an. 


railroad cut, where its width is about 100 feet, 
but is concealed within a short distance on 
each side of the cut. It is accompanied bv a 
considerable amount of red opaline silica, 
mostly in the. form of loose debris. The only 
other known occurrence of this variety of 
latite, as shown in the table on pnge 61, lies 
citst of Long Ridge, along the southern half 
of the east edge of the quadrangle. The dike 
may have served as a feeder to the Laguna 
flow, although it may be rather too remote 
from Long Ridge to have supplied the flow 
there. Iu any ease it seems evident that the 
flows of this typo, like the tuffs beneath them, 
were erupted from another center than those 
represented by Volcano Ridge and Sunrise 
Peak or by the monzonite mass of Silver City. 

The rock is medium gray, dense, and por- 
phyritic, with phenocrysts of doubly twinned 
glassy plngioclusc as much as 5 and even ID 
millimeters long, black, shiny hornblende in 
prisms from 2 to 4 millimeters long, and biotite 
in well-defined six-sided plates 3 millimeters or 
loss in diameter. Biotite and hornblende are 
about equally abundant. In thin section the 
plagioclase is zonal and shows the same varia¬ 
tion in composition of the zones as in the other 
varieties. Its average composition, therefore, 
is that of lnbradorite. The hornblende is the 
brown basaltic variety. All its grains show 
partial to complete resorption, and in a few 
sections the resorption rims con distinctly be 
made out to consist of augite in short rods and 
magnetite or ilrnenite in fine rounded grains, 
both embedded in a matrix of small plagioclase 
anhedrons. This association tends to show 
that, in spite of the mineralogic difference, the 
homblendic rock is chemically the. same ns the 
more common hornblende-free varieties. Tho 
biotite is typical. Neither hornblende nor 
biotite is represented in the groundmnss, and 
their place is taken by augite, which is a promi¬ 
nent microscopic constituent but occurs in 
poorly formed grains all less than 0.5 milli¬ 
meter long and grading down to the finest 
specks. Magnetite and apatite are relatively 
abundant and large, some attaining a diameter 
or length of nearly 1 millimeter. Titanite 
forms a few small microphenocrysts, some of 
wliich have perfect crystal outlines. The 
groundmass is more or less glassy and in other 
respects typical. 
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A partial chemical analysis of this rock and 
the corresponding partial norm are given be¬ 
low, together with the corresponding percent¬ 
ages in the average lntito and average andesite. 

Partial analwin and norm oj homblende-biotiU-augite Intilt, 
ana of average lot it? arul aiuJcxiU. 


Analyse*. 



1 

2 

3 

worm ci o. i. 

SiO,. 

57. 27 

57. 63 

59. 59 

Exces-i ailieft. 

8. 52 

MgO.. 

2. 43 

3. 22 

2. 73 

Or(bcvla>o. 

18. 90 

CiO. 

6. 0« 

3. 74 

5. SO 

Albite. 

24. 63 

.Na.,0. 

2.94 

3 59 

3. CS 

A non hi to. 

30. 02 

Kfi... 

3.23 

4. 39 

2.04 

Magnpaitua nietu 






ailiealc. 

0. 10 


71.116 

. 


88. 17 


1. Eortibleiule-biotite-augite lathe George Steiger, 
analyst. 

2. Aerago latito. Daly, R. A., Am. Acad. Arts and Scj. 
Prnc., vol. 45, p. 221, 1010. 

3. Average andesite, Daly, R. A., op. cit,, p. 22.). 

The ratio of potash to soda shown by this 
analysis is not quite ns high as in the other 
analyses of local latito and monzonite given on 
pages 56 and 67, and the ratio of normative 
orthoclaso to albitc is correspondingly low, but 
not as low as the true ratio, for a considerable 
amount of the potash belongs to biotite. 
These facts, as well as a comparison with the 
average analyses of lutite and uudesite, indi¬ 
cate a rock of prevailing lutitic character but 
grading toward andesite. The total alkalies 
and alkaline eartlis shown in column 1 are 
lower than in the other local latito and raouzo- 
nite, and tins deficiency is doubtless compen¬ 
sated by a relatively high percentage of iron, 
contained chiefly in the basaltic hornblende. 
A considerable amount of the normative tinor- 
thite and n small amount of the albitc should 
he assigned to this hornblende, leaving a higher 
percentage of albitc than is indicated by the 
optical properties of the. plagioelnse. This ex¬ 
cess of normative albite, ns in the augite lotitc 
(p. 56), may indicate in part a more sodic va¬ 
riety of plagioclase in the groundmass and soda 
in the glassy groundmass available for sodic 
orthoclnse. The percentage of silica is very 
close to that in the average analysis of latite 
and is sufficient to suggest a small excess over 


that necessary to form the silicates of the rock. 
The excess of silica in the partial norm of 
course includes somo that belongs to the iron- 
bearing silicate minerals. 

HornbUnde-nugite. variety .—The homblende- 
augitc variety is of the same genorul composi¬ 
tion as the rock last described, with the omis¬ 
sion of the biotite. I ho augite, however, iu 
some of the thin sections studied forms more 
distinctive phenocrysts. 

COMPARISON op THE DL'PKRKNT VARIETIES, 

bo far ns the microscopic study and partial 
analyses show, the different varieties of the 
latite-nndosito series are nonrly all chemically 
identical and equivalent to the intrusive raonzo- 
nitic bodies. This relation is fiuther considered 
in the description of the monzonito of the 
Silver City stock. Mineralogic differences, 
such as the presence or absence of biotite or 
basaltic hornblende, are evidently duo to vary¬ 
ing conditions of temperature and pressure 
when the phonoervsts were forming, or to 
slight variations in certain constituents, such 
as iron oxides. The fact that the phenocrysts 
are generally rrsorhed is proof that they crys¬ 
tallized before eruption, and that under the 
different conditions existing during eruption, 
such as cooling and relief of pressure with libera¬ 
tion of gases, they began to break down into 
simpler compounds. The two pyroxenes ap¬ 
pear stable under the conditions of eruption. 
The hypersthene, so far as the thin sections 
studied show, is absent where biotite or ba¬ 
saltic hornblende is abimdont (in the augitc- 
hypersthene-biotite variety the biotite is scarce 
and partly resorbed), and it may be that the 
presence of hypersthene in some flows accounts 
for the MgO and some FeO which in other (lows 
is taken by the hornblende and biotite. The 
presence or absence of hypersthene, however, 
depends on so small an excess of (Mg,Fe)0 
over the ratio (Mg,Fe)0:CaO in the diopside 
molecule of augite that this upparent relation 
between hypersthene and basaltic hornblende 
plus biotito must be regarded as only a sug¬ 
gestion. 

ALTERATION PRODUCTS. 

Alteration products are the same for all the 
varieties and are generally similar to those in 
the monzouite porphyry of Sunrise Peak. 








MONZONITE (SIEVES. CITY STOCK ). 1 

DISTRIBUTION' AND srRUCTUHAt, RF.LATION9. 

The latest known important eruption iu the 
district is represented by the Silver City stock 
of monzonite, the main body of which occupies 
n coasidernble area between Mammoth arid 
Silver City and a small area farther south, on 
the other side of Ruby Hollow, beyond which 
its southwestward extent is hidden beneath 
alluvium. A smaller body is exposed north¬ 
east of the main one, between Sioux Pass and 
the Northern Spy shuft-, and a few still smaller 
bodies of dikelike and irregulur forms crop out 
farther northeast. The main body is bounded 
on the west by alluvium and by the Swansea 
rhyolite, on tho north by the. alluvium of 
Mammoth Basin, on the northeast by con tact- 
mot amorphic limestone, and on the east and 
southeast by tho monzonile-latite porphyry 
from tho Sunrise Peak vent and the obscure 
area of lutite tuff. 


The contact with the Swansea rhyolite is 
described on page 50, where evidence i9 given 
to show that the monzonite is the younger 
rock. The contact wit h the limestone is clearly 
intrusive, as shown by the several Inclusions, 
the metamorphosed condition of the limestone, 
the short, irrogulnr apophyses penetrating tho 
limestone, and the tendency of tho monzonite 
to form a narrow porphyritic contact zone. 
The dulling effects are well shown at Diamond 
Pass in a northward-trending dike, which lias a 
distinctly granular appearance whore it crosses 
the road but a dense porphyritic texture near 
its termination along the Black Jack iron 


mine. The numerous limestone inclusions und 
the highly disintegrated diameter of both mon- 
•/onitc and limestone greatly obscure the con¬ 
tact relations oast and southeast of Diamond 
Pass. Several limestone inclusions, once wholly 
covered by monzonite talus, arc now exposed 
by artificial road cuts and tunnels, ntid it is 
very probable that the inclusions are far more 


numerous than the map indicates, 

l he contact of the monzonite with the mo 
zonite-lutito porphyry is wholly obscured I 
thorough disintegration and alteration of bo 
rocks mid to judgo by surface uppearam 
could be interpreted as a gradation, but it 
dmwn elsewhere (p. 58) that the two roc 
were erupted at different, th ough not necess 

Mti tho Millar mr-xt '.hi» mooFoullu andTtUo inoo*iniU» porr- 
*fro ru.ipp. | ns “Sunma moumnll#." P ° f * > ' 


rily widely separated times. The presence of a 
dike of the monzonite cutting the monzonite 
porphvry in a railroad cut southeast of Sioux 
Pass (see PI. IV, in pocket; also p. 59) is evi¬ 
dence that the monzonite is the younger of 
the two. 

The dimensions of the monzonite, so fur ns 
indicated on the surface and in mine workings, 
are those of n rectangular or elliptical body, 
only a part of which is exposed. Its north¬ 
easterly trend is expressed by the limits of the 
met amorphic limestone and by the small mon¬ 
zonite stock and dikes already mentioned; 
also by' the absence of any 7 monzonite in the 
workings of the Opex (2,200 feet deep), Emer¬ 
ald (1,100 feet deep), and Mammoth (2,300 feet 
deep). The arrangement of the limestone in¬ 
clusions, which are moro numerous than is 
shown on the. map, indicates the great irregu¬ 
larity of the upper monzonite contact. The 
northernmost portion, which in the Lower 
Mammoth workings is seen pitching north¬ 
eastward beneath the limestone, is virtually 
separated from the rest by' the large limestone 
inclusions shown on the mup. Only two are 
mapped, but the tunnel represented as pene¬ 
trating southward toward Robinson triangu- 
lation station is mostly in limestone blocks 
that lie beneath a surface of monzonite d6bris 
and are separated from one another by monzo¬ 
nite. The northeastward continuation of the 
monzonite beyond these inclusions is expressed 
by tho broad met amorphic limestone zone. 
East of Diamoud Pass the monzonite again 
rises among numerous limestone blocks, and 
tlie highest point along its contact is near the 
7,000-foot contour’. Tire small stock at Sioux 
Pass is even higher, reaching the 7,540-foot 
contour along its west contact, and may' well 
mark the. reappearance of the Diamond Pass 
“apex" continued through the hill. 'This 
relution is further suggested by r the distribu¬ 
tion of mctumorphic limestone. Recent de¬ 
velopments on the S00 and 1,000 foot levels 
of the Dragon iron mine have exposed the con¬ 
tact. of monzonite and limestone west and south 
°1 l-h 0 shaft and proved that it extends east¬ 
ward beneath the surface at this place. (See 
fig. 9, p. 60.) The absence of typical monzo¬ 
nite, except possibly ns a few thorougldy de¬ 
composed dikes, in the Northern Spy and Iron 
Blossom No. 3 workings, together with its 
absence in the lower area to the northeast and 
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east, proves that the roof of the monznuilo 
body must pitch steeply in these directions. 
The considerable extent of mild contact meto- 
morphisni associated with the small intrusions 
near Burriston Canyon, however, suggests that 
a rather large body of uionzonito is not many 
hundred feet below the surface there. 

Tl K . thickness of cover over the intrusive 
monzonitc must have been considerable. The 
numerous inclusions of limestone and quartzite 
tdmw that the path of the intrusion lay mostly 
through these rocks, and the presence of scat¬ 
tered rounded inclusions of lutite or andesite, 
ns well as the character of the eastern contact 
of the monzonitc, indicates that some surface, 
flows may also have capped the area. The 
maximum thickness of limestone, if the present 
highest peaks wore assumed to represent 
remnants of a horizontal plateau, would have 
been about 1,000 feet; but such an assumption 
is not warranted either by the relative rate of 
erosion ol the limestone or by the character of 
the prevoleanic topography as shown by the 
Packard rhyolite contact and the effusive, con¬ 
tacts around Sioux Pass. Faulting (see p. 86) 
might account for a sullicient sedimentary 
cover over the western edge of the monzonitc, 
but nut over its greater part.. How great, a 
thickness of volcanic rocks may have once 
been present, here can not be accurately ascer¬ 
tained from their present distribution, but. 
their relatively rapid rate of erosion could 
account for the disappearance of a considerable 
thickness. The extension of the latite of Sun¬ 
rise Peak in this direction, to judge from its 
distribution, could hardly have reached above 
the present 7,200 or 7,300 foot, contour, but 
eruptions from the uionzonito center itself 
may well have taken place, including rhyolite 
from the Swansea intrusion, and built up 
a thick series of tufls and lavas. If the 
uppermost flows of t he volcanic series—for ex¬ 
ample, the augite-hypcrsthcnc-biotitc latite 
of Tintic Mountain, which is very similar in 
composition to the Silver City stock of vuonzo- 
nitc—are projected over the monzonitc with 
ns low, a dip as 5°, they will indicate an ap¬ 
proximate thickness of 3,000 feet above the 
present surface. Such a thickness, even after 
deduct ion for possible overestimate, would 
have formed a cover quite sufficient to account 
for the slow cooling indicated by the texture of 
1013.15°—19-5 


the monzonitc and would probably also have 
completely covered .the highest limestone peaks. 
The great amount of erosion necessary for the 
complete removal of so thick a series from the 
entire area north and east of the monzonitc 
I tlirows some doubt upon the relations sug¬ 
gested; hut that the postulated erosion is 
possible is shown in section C-C' of Plate II, 
where the restoration of the Volcanic. Ridge 
and Sunrise Peak cones indicate that between 
2,000 and 3,000 feet of rock has been removed. 
The evidence as a whole, therefore, although 
not actunl proof, suggests very strongly (hat 
the plutonic character of the monzonitc and 
the great temperature changes expressed in the 
mctamorpluc limestone are due to the slow 
cooling of the monzonitc magma under a 
cover composed in part, of sedimentary rocks 
but mostly of volcanic rocks. 

I.1THOI.OOV OK THR MAIN' TYJ'K 

The color of the freshest material found is a 
uniform dark, smoky purple, hut. by far the 
most common color is a light speckled gray 
with brownish and pale pinkish variations. 
The megascopic texture appears to he mostly 
even granular, with a porphyritic tendency in 
many places, phigioolase and subordinate 
hornblende or pyroxene forming the pheno- 
crysts. The megascopic minerals are purple 
to while plagioclasc, in automorphic crystals 
averaging 3 millimeters in length, with dis¬ 
tinct albite twinning, alien lie feldspar, mostly 
of pale pink color, in aggregates of fine an- 
licdral grains tending to surround plagioclasc. 
and the dark minerals; hornblende or pyroxene, 
in short dark-green prisms 1 to 2 mi I lime tore 
long, single or here and there in small aggre¬ 
gates, some showing splintery cleavage sug¬ 
gestive of hornblende, others a single smooth 
cleavage or parting suggestive of pyroxene; 
biotite, locally in distinct flakes but mostly in 
obscure specks, decidedly subordinate to the 
hornblende or pyroxene; magnetite, in minute 
specks; and in some specimens pyrite, in mi¬ 
nute grains or streaks, for the most part dis¬ 
tinctly secondary. 

In thin section (PI. XV, B, p. 61) the porpliy- 
ritic character is much more common, owing to 
the prevailing greater size of the automorphic 
plagioclasc and hornblende or pyroxene over 
that of unhedral alkalie feldspar and quartz. 
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The plagioclnse, nil in 
the shortest 0.1 millimeter 
according to both Cnrlsbad nnd nlhito laws, 
and its extinction angles on combined twins 
indicate a composition of Ab M An 4j , or be¬ 
tween Ab..An, fl and Ab w An*,. It incloses 
minute grains of augito and magnetite but is 
partly stnrounded b} r large grains of the same 
minornls. It is as a rule free trom miiiked 
alteration, but when) alteration has been lo¬ 
cally pronounced it is changed more or less to 
scricito. opidote, calcite, and quartz. I he 
ulkalic feldspar forms xenomorphic grains, 
few over 1 millimeter in diameter, with some 
suggestion of pcrthitic structure. It lies mostly 
in the groundmass, hut. some of the larger 
grains form imperfect borders around plagio- 
clase crystals. 11 is uniformly dusted with kao¬ 
lin, in marked contrast to the fresh plagioclasc. 
Quartz is present only as microscopic nnhe- 
drnl grains 0.2 or 0.3 millimeter in diameter, 
that uro abundant in the groundmass and 
closely associated with the alkalic feldspar, 
the two forming micrographic intergrowths 
at many points* In one section almost the 
whole groundmass was composed of the mi¬ 
crographic intergrowth embedding automor- 
phic crystals of plagioclasc and ferromagnesinn 
minerals. Augitc forms imperfectly shaped 
(bypuutoinorphic) crystals, whose edges inter¬ 
lock with the grains of the groundmass. Most 
grains show twinning, sonic simple, others 
multiple. Pleochroism is very slight or ab¬ 
sent. Many crystals are full of small magnet¬ 
ite grains and have outer fringes of poorly 
developed bio Lite. Alteration varies; in the 
small stock north of Sioux Pass the augito 
bas gone over to r.ldorifo (dolcssito.) and cal¬ 
cite, the typical alteration in the effusive 
rooks, but in the main body most of the iiugite 
has altered to hornblende. The latter change 
cun be followed from sections in which the 
angite shows hardly a trace of alteration, 
through those in which all but n central core 
has changed to fibrous, umlitic hornblende, 
to others, by far the most numerous, in which 
only fibrous or compact hornblende is present. 
Some hornblende grains are distinctly eight- 
sided, evidently preserving the cross-section 
outline of the original augite. Others form 
short prams, roundly or bluntly pointed at 
tho ends, resembling the hyperatheno of the 
effusive rocks; but no unchanged hypersthcuo I 


was found in any of the monzonife sections. 
Biotite forms u few typical crystals, rarely over 
l millimeter in diameter, but is mostly limited 
to small clusters, apparently the arrested 
growth of larger crystals, around the nngite- 
homblendc and also scattered through the 
groundmass. Both the nugito-hornblcnde and 
the biotite may bn altered, the former to chlo¬ 
rite with epidoto or calcite, the latter to chlo¬ 
rite alone. Magnetite forms irregular grabs 
rarely as much us 1 millimeter in diameter. It 
incloses apatite, and small granules of it are 
inclosed in or intergrown with tho ferromng- 
nesian minerals; but the boundaries between 
it and these minerals are irregular, and in 
some sections the larger magnetite grains 
partly surround tho corners of augite and 
plagioclasc crystals. In the same sections its 
outlines against quartz or the micrographic 
intergrowths are largely but not wholly auto- 
morphic. Apatite, zircon, nnd titnnito form 
typical small to minute crystals, inclosed in 
all tho other minerals. 

The original ferromagnesinn minerals—nug- 
ito, possibly hypersthene, and biotite—are 
noteworthy in their difference in character and 
relative amounts from those in tho monzonite- 
latitc porphyry of Sunrise Peak and their 
closer similarity to those of later flows, espe¬ 
cially the latest latite flow on Tiutic Mountain 
(p. 62). Although not strong evidence in 
itself, this difference accords with other evi¬ 
dence showing the monzouito of the Silver 
City stock to l>c different from nnd later than 
the monzonite-lntito porphyry of Sunrise Peak. 

chemical composition. 

The chemical analysis of the monzonite is 
I given in column 1 of the table on page 67. 
Comparison with column 5 shows the close 
similarity with the lutitc of Tin tic Mountain. 
Comparison with column 4, the average analy¬ 
sis of monzonite, shows an excess of silica in 
the Silver City stock, which accounts for much 
of the free quartz. The nnmo ‘ quartz mon¬ 
zonite,” however, has not been adopted, for 
quartz is only rarely present, in megascopic 
grains, and “monzopite” therefore see®* 
preferable for field use. The low MgO and 
CnO as compared with the average analysis 
indicate a relatively low percentage of dar' 
silicates, a difference in accord with the excess 
of quartz. 
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Comparison with analyses of the monzonite 
at Bingham, Utah (columns 2 and 3), shows a 
close similarity between the two rocks. The 
rock of the Tintio district is relatively low in 
MgO arid especially in CaO, but the differences 
arc no greater than may exist in different mem¬ 
bers of the monzonite-latite series of the Tintie 
district. Tho mineral composition of the two 
rocks is also very similar, though tho rock at 
Bingham shows more variation in tho occur¬ 
rence of the dark silicates. 1 Andesites, near 


TV 

two occurrences suggests their correlation as 
parts of one extensive monzonito magma which 
the. more, complete structural record at Tinlic 
proves to have, been intruded long a|’t cr (| ao 
folding and during the Tertiary (post-Eocene) 
volcanic period. 

mi so« v.uii.vnoxs. 

Four interesting minor variations of tho mon- 
zonite were noted and are briefly described be- 
These are the normal contact porphyry, 


low. 

Analysts of v\on:oi[\U-H and htiks. 



1 

2 

; 

3 

4 

5 

6 

7 

SiO,. 

59.70 

58. ni 

57.16 

5.5.23 

60. 17 

59.43 

r >7, 65 


15.79 

15. 

16.69 

16.53 

15. 78 

16. 68 

16. (18 

EeA-.... 

3.77 

3. 25 

3. 17 

3.03 

3.42 

2.51 

2 29 

FeO. 

3. 33 

2 . r>4 

2.76 

4.37 

2.95 

3.4H 

4.07 

M«0. 

2. 1(5 

3.81 

2.47 

4.20 

2.52 

1.81 

3.22 

CaO.. . 

3. S3 

5.37 

5.86 

7.19 

4.0» 

4.09 

5.58 

No.,0 . 

KjO. 

3. 01 
•1.40 

3. CO 
4.23 

3.82 
4.49 

3.48 

4.11 

2.96 
•1.16 

3.72 

5.04 

3.59 
4.30 

IT .0 —. 

u.'.oy. 

• 3L 
1.11 

.86 

1.50 

.93 

1.06 

| . 66 

1 .25 

\ 1,23 

.27 

.72 

} 77 

Ti0 2 . 

.87 

.83 

.87 

.60 

.87 

1. 38 

1.00 

CO.... 

.78 

None. 

.02 



Uudut. 

.40 

Undet. 

. 58 

.11 
. 36 

pA. 

.42 

.41 

.42 

R. 

Undet. 

.05 

.02 





Uadcl. 

T race. 






MnO. . 

.12 

Trace. 

Truce. 

.15 

.11 

Trace. 


Bad. . 

.09 

. 18 

. 30 


11 

. 11 

. 16 

SrO.. 

Tnlrc. 

Truce. 

Undet. 

Undet. 

Undet. 

. ... 

.09 

Trace. 

.01 

Li.O. 


None, 


v,o. 

.02 

Undet. 

Undet 



Mb. 

Trace. 

Undet. 

U nde t. 




n. 

.61 

Undet. 



.0! 

03 


ZtO.-.. 



.08 






. 




99.83 

IOO. 26 

100.21 

100.00 

99.79 

100.01 

100.09 


1. Monzonito near Iron Duke mine, east of Silver City, Tintie mining district., Utah. H. .V. Stokes, analyst. 
Tower, G. W., )r., and Smith, Cl. 0.. U. S. Geol. Survey Nineteenth Ann. Kept., pt. 3, p. 647, 1893. 

2. Mouzomte, Tribune tunnel, Bingham mining district, Utah. E. T. Allen, analyst. U. S. Geol. Survey I’rof. 
Paper 38, p. 178, 1905. 

3. Monzonito, British tunnel, Bingham mining district., Utah. E. T. Allen, analyst. Idem. 

•I. Average analysis of munzonile. 1> .lv. R. A.. Am. Acad. Arts and Sci. Proc., vol. 45, p. 221, No. 19,1910. 

5. Futile, Tintie Mountain, Utah. II. N. Stokes, analyst. Tower, G. W.. jr., nnd Smith, G, 0., op. Hi., j>. 649. 

6. Augite Unite. Dardanelle flow. Gat. H. N. Stokes, analyst. U. S. Geol. Survey Bull. 89, p. 58, 1898 . 

7. Average analysis of latite. Daly, R. A., op. eit., p. 221, No. 20. 


latilc in composition, are also present in the 
Bingham district and have the same relations 
to provolcanic topography as the flows .at 
Tintie . 2 3 * 5 6 7 The time of intrusion of the mon- 
zonite at Bingham is not definitely known. 
Keith states that it may have been either before 
or after the folding of the sedimentary rocks, 
and that " the facts in other regions may throw 
light on this question.” The close similarity 
in composition nnd in structure between tho 

* Arthur, Areal geologj |ol (.ho Bingham milling district, Utah]: 

u - s - C«L Survey Prof. J*aporSS, p. SI, 1«5, 

’ Idem, p. Si. 


a quart/, porphyry, an alkalic grunite, and a 
syenitic porphyry containing negirite-augite. 
Contact porphyry .—The normal contact por¬ 
phyry is of very small extent, and has been 
i found only locally. It is perhaps best exposed 
at Diamond Pass, at scattered points on the 
upper road, nnd along the crest of the soulh- 
■ ward-trending spur. It is dark gray, dense, 
and slightly porphyri tic. The only conspicuous 
phenocrysts are plagioc.la.se; they are smaller 
and far less numerous than in the porphyry of 
, Sunrise Peak. In tliin section the texture is 
1 rather uneven, tho phenocrysts tending to seg- 
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rebate and form patches of coarser grain. The 
most abundant phenocrysts seen in the thin sec¬ 
tion uro plogiochisc, which is zonal, the composi¬ 
tion of different zones ranging from Al>,„.Vn w 
to Ab M An K and averaging about Ab^Vn^. 
Augito forms a few small crystals of the same 
character as in the main type. A few scattered 
gittins of weakly plcochroic hornblende uro also 
present. Biolitc forms a few' skeleton-like j 
flakes, some mingled with augito, others sep-i 
nrato. Tho ground muss is composed of fine j 
plagioclnsci laths with interstitial ferromagne- j 
.sian minerals, alkolic feldapur, mid quartz. 

Qaarlz porphyry .—The quartz porphyry phase 
of the inonzonite forms a tim around the large J 
impure quartzite inclusion in the sag northwest j 
of the Robinson triangulaliou station. It 
grades into typical monzonitc. Its megascopic 
appearance is essentially the same as that of 
tho Swansea rhyolite porphyry, save that the 
phenocrysts are smaller. In thin section the 
phenocrysts are poorly formed and include both 
of the feldspars, quartz, and hornblende (prob¬ 
ably after nugito). Tho ground mass is very 
fine grained and highly quartzosc. The one 
section studied was loo poor to warrant a more 
detailed description, but. tho evidence pre¬ 
sented shows (lint (lie quartz porphyry phase is 
intermediate in character between the Swansea 
rhyolite, porphyry ami the monzonitc, and at. 
least suggests a small amount of marginal as-J 
similntion, the impure quartzite having en¬ 
riched tile monzonitc magma in silica, u little 
alumina, and probably a little potash. These 
additions would cause an increase in the per¬ 
cent ages of quartz and probably alkalie feld¬ 
spar, which in turn could account for the. 
appearance of these minerals as phenocrysts. 

Time was not taken to study the margins 
of all the quartzite inclusions, and it is not 
Known whether such quartz porphvrv rims 
are common or exceptional. In either case 
however, the occurrence is of interest as a 
suggestion of the reactions that may result 
where a monzonitc remains for a long time in 
contact with quartzite or other highly sili¬ 
ceous rocks. 

Alknhe yrnnitr, —The alkalic granite phase 
whs found os a segregation about. 1 loot in 
diameter in a snuill prospect hole nearly 600 
feet, due south of the road fork at Diamond 
I ass. It. is light gray, tine and even grained, 
mid composed almost entirely of unstriated 
fchlspur and quartz, with thinly scattered 


indeterminable black grains. In tliin section 
it is composed of microperttutc about 64 p er 
cent, quartz about 34 per cent, and plagicy¬ 
clase, slightly plcochroic angite (and horn- 
blende), magnetite, and zircon. The micro- 
perthite forms hypuutomorphic interlocking 
grains, considerably kuoltiiizcd, ns in the 
typical monzonitc. The quartz n « whole is 
interstitial, but its contacts are much inter- 
grown with the feldspar. 

The rock is interesting when compared with 
the typical monzoiiite as a product of simple 
differentiation bv fractional crystallization. 
The fact tluit the alkalie feldspar and quartz 
are confined to the ground mass in the poiphy- 
ritic phases of the monzonito is evidence that 
they were the. last important minerals of the 
rock to crystallize. If the other minerals after 
crystallizing had time to segregate and form a 
local body unusually rich in plagiodusc and 
augito—in other words, a gabbro—they would 
leave the remaining fluid portion to crystallize 
as alkalie granite. Such residual portions of 
alkalie granite ooukl form local patches grading 
into the surrounding rock, as in tho present 
ease, or might remain fluid uutil fracturing of 
tho already solidified inclosing rock allowed 
them to take the form of local dikes. 

A few narrow dikelets of granitic composition 
, were found near the Swansea rhyolite contact. 

|One cut across a laiito dike, which in turn cut 
| both the rhyolite and tho monzonitc. Tho 
I texture of the granitic dike lets ranges from 
nplitic to finely pegmalitie, with margins of 
1 feldspar and middle bands of quartz and 
fine black grains. As seen under a hand Ions 
the pink alkalie feldspar predominates over 
the fine grains of white plagioclase. Hie 
origin of those dikelets may bo closely similar 
to that of the alkalie granite just described, 
the residual alkalie. magma having been tapped 
by a fracture in the already consolidated mon- 
zouitc. The percentage of plagioclase in such 
a-rock could vary according to the complete¬ 
ness of separation before consolidation, with 
or without local intrusion. 

| Sytnith' porphijrj .—The syonitic porphyry 
phase was found near tho west margin of tho 
small stock north of Sioux Pass, within a few 
feet of its highest, point. As its differences 
from tho normal porphyry phaso are micro¬ 
scopic, its extent can not, he more definitely 
stated. It is dark gray and ranges iu texture 
from a typieul porphyry to a completely 
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granular rock that grades into typical mon- 
zonito. Tho phenocrysts arc plagiodase in 
wall-formed laths and small irregular pitchy 
black grains, which the microscope proves to 
he iiegirito-nugite. In thin section (1*1, XVI, 
.1,-p. 7-^), the plagiocle.se is zonal and tho zones 
range in composition from khrndorilo in the 
central part to oligoolaso (Al^ H Vn.„) on the 
rim. The plagiodase crystals arc partly or 
even wholly surrounded by niirroporthite 
crowded with minuto grains of nogirite-augite- 
Tho nneroporthitc and aegirite-augite fonu 
small phenocrysts, rnrclv* over T millimeter 
long, which grade down to granules in the 
groundmass. Tho groundmass is composed 
essentially of alkalie feldspar and aogirite- 
uugito, with numerous smalt grains of titanite 
and a few of epidoto. Tho character of both 
titanite and opidote anti especially their inti¬ 
mate relations with unaltered mic.roperthite 
and ucgiritc-augito suggest their primary 
origin. Magnetite, apatite, and zircon nro 
ulso present, in small amount. In one or two 
places phenocrysts of plagiodase have been 
fractured and recemcnted by veinlete of 
microperthite and aegirito-augile. 

The textural relations of tho minerals show 
the rock to be virtually a ground moss of alkalie, 
syenite with inclosed plagiodase crystals of tho 
same composition ns those which characterize 
the monzonito—evidently a product of incom¬ 
plete differentiation. The adjacent monzonito 
is of tho main type, containing nonpleocliroic 
uugite und considerable quartz. The process 
of differentiation, therefore, was not so simple 
sis in the other phases described. The por- 
phyry has lost its excess silica and incrcasod 
its alkalies. More thorough study may show it 
to be tho result of reaction between the monzo- 
uito and the inclosing dolomite, us suggested 
by Daly, 1 Tho unusual abundance of titanite 
along with the epidoto may be. attributed to 
•he union of lime from tho dolomite with some 
of the excess silica of the monzonito. The po¬ 
sition of the porphyry at the very highest part 
of the contact, or nt the very roof of tho stock, 
is also favorable to Daly’s hypothesis. 

MONZOSITE PORPHYRY DIKES. 

Dikes of monzonito porphyry have been 
found at a few places but can not bo certainly 
correlated with any of tho large occurrences, 

' e»ly, R. A., Origin of lh» nlkalliw rocks: 0*nL Soc. America Unit, 
v °t2l, pp, S7-US, |')|0. 


intrusive or effusive. One dike, about 8 or 10 
feet thick and of easterly trend, cuts the main 
monzonito mass in a railroad cut west of tho 
road forks in Dragon Canyon. Its mineral 
composition is the same as that of the indosing 
monzonito. The narrow labile dike of north¬ 
erly trend, cutting across the monzonito and 
quartz porphyry contact, is mentioned on page 
68. It is almost nonporphyritir, but its micro¬ 
scopic mineral composition is similar to that of 
tho monzonito. A few dikes, one as much as 
100 feet wide, cut. the effusive lavas just oast 
of Sunrise Peak. They are weathered to a 
greenish-gray e.olor and have a finely granular 
groundmass. They are much altered hut are 
similar to the main monzonito. mass in mineral 
composition and may have been feeders to 
sonic of the upper flows of pyroxene latifo. 

Two oltse.ure occurrences wore found in (he 
vicinity of Burris ton Canyon—one to the south, 
near (he east end of the earlier rhyolite, and one 
to the north, on tho southward sloping lime¬ 
stone spur. The exposures wore too badly dis¬ 
integrated to show their structural relations 
clearly, but both are intrusive and associated 
with murblcizcd limestone. (See p. 05.) Tho 
unaltered rock is of light-gray to brownish 
color, unlike any of the. other dikes. The 
phenocrysts are plagiodase, somewhat less 
calcic- than in the other monzonito rooks, bio¬ 
tit o in well-formed abundant crystals, and 
microscopic nugite. The groundmass is dis¬ 
tinctly quartzoso and resembles that, of micro- 
granite, but the rook contains no phenocrysts 
of quartz. Its general character, however, 
though intermediate, is nearer to that of mon¬ 
zonito than to that of the rhyolites of tho 
district. 

OLIVINE BASALT. 

No basalt exposures were visited during the 
recent survey, and the following paragraphs 
are quoted from the earlier report: : 

Although basalt is of common oec unvoice south of tho 
Tiniic Mountains, as well as iu tho other parts of tho 
Great Basin, it was found in only one locality within tho 
Tintic quadrangle. House finite is a prominent flat- 
topped hill about. 1 mile west of Tiniic Mountain. Basalt 
interns here iu three small areas, the outlines of tvhieh 
suggest intruded sheets. Immediately southeast of House 
Butto basalt is found on the side of a ravine. In these 
localities, as elsewhere in the Tintic Mountains, talus 
accumulations somewhat conceal geologic relations. 

Megascopically the basalt is a black, very com pact 
reek, without the vitreous texture of the darker of the 

i Tower, C. W., Jr., Smith, 0. O.. op. oil, p. MX 
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andesites (Utiles). It is very fine Brained, and no m*#- 
-copic phcmvij'sls occur. Under the m.erwcope the only 
iihcnocryeu* bccti are of olivine and atigltx*, #n< 1 1 
inueli less important in amount tlian the grvrundnu” 
The olivine occurs in well-Wnninaled prisms and i TP 00 f 
quite free from alteration. The uorite is also co urk- m 
the thin section but is readily dialing.-bed from the. 
ulivino by its moro perfect ckavap- and incancd cx- 


unction. _ . . 

Tho Kftfiurolmw the bfuak is <i u * te holocry«talUno. 
coneiatinf? of n uniform mat of laiiis of plagioctaso feldspar 
and crystals and suhedro of aujate. Magnetite in sminl 
crydaln and irrains is scattered throughout the rock, while 
apatite occurs in long microsoopb r. "dh-s. The mitro- 
litcs of folrUjfttr show a distinct do*age around tho 
I . ry „u. falrite and a yellowish-brow n material fill 
pons in tho rock. 

UITPEIIEXTIATIOX OF THE IGXEOltS ROCKS. 

ESTABLISHED FACTS. 


A complete discussion of magmatic differ¬ 
entiation of tlie igneous rocks of the Tintic dis¬ 
trict, although many facts have been estab¬ 
lished, must involve considerable sj>ceulution 
on factors whose influence is unknown. Tho 
more of these indefinite factors there are the 
farther must tho discussion come from reaching 
a convincing conclusion. Any treatment of tho 
subject should recognize the posrihla influences 
of magmatic stuping and abyssal assimilation 
on physical and chemical conditions within the 
ningmn. The conclusion is reached that the 
siliceous rocks of pre-Cambrian and possibly 
Cambrian age may perhaps lmve, contributed 
material to tho formation of tho rhyolites, 
but that the limestones bad no appreciable 
inlhieiire of any kind on the composition of 
tho igneous rocks now exposed. 

The established facts are summarized below. 

1. Tho iwdimentnvy rocks, all older than tho 
igneous, had been folded and, ns shown in a 
subsequent section (pp. 77-90), extensively 
faulted before volcanic eruptions began. Some 
i.iults, however, especially around the mon- 
zonilo, were evidently formed during volcanic 
activity. 

2. The prevolennic topography of the sedi¬ 
mentary area was much the sumc ns that of 
to-day, cud postvolcunic erosion luts been con¬ 
fined mostly to the volcanic rocks, which in 
some places may have been as much as 2,000 
feet thicker than now. 

d. The known order of eruption is (1) labile 
or andesite, (2) rhyolites, (3) lutitc and mon- 
/.omto. (1) basalt. 


I 4. These rocks arc closely related in mineral 
and chemical composition, as well os in geologic 
occurrence, and, with the possible exception of 
the basalt, evidently came front a common 
source. It is possible that the small amount of 
basalt, is much later than the other rocks and 
came from a deeper source. T.t may be. equiva¬ 
lent- to the basalts elsewhere in Utah that wore 
erupted in late Tertiary and early Pleistocene 
time, after the uplift of the immense fault 
blocks of the “ Basin Ranges." 

5. Tin* order of crystallization in all the 
rocks has been the same—(1) plagioclnse (in 
crystals with successively less calcic zones), 
fcrrouingnesian silicates, magnetite, apatite, 
and zircon; (2) alkalic feldspar and quartz (if 
present). The exact order for single minerals 
can not he definitely stated, but the first group 
as a whole, was distinctly earlier than the sre- 
| ond. The quartz phenocrysts in rhyolites were 
' later than the phenocrysts of the first group, 
so far as direct relations between them could 
bo found. 

Among tho indefinite factors arc these: 

1. The rocks cut by the uprising magma in 
the. different volcanic centers include, besides 
a measurable thickness of limestones, a thick¬ 
ness of quartzite indefinitely greater than 6,000 
feet and an unknown thickness of pre-Cambrian 
granites, gneisses, quartzites, and schists which 
are known to underlie the quartzite elsewhere 
in Utah. 

2. The fact that the dimensions of the igne¬ 
ous rock bodies beneath the surface are un¬ 
known prevents even an approximate estimate 
of the volume of pre-Cambrian and Cambrian 
rocks displaced and thus rendered subject to 
sinking and to abyssal assimilation. 

3. The duration of volcanic activity and the 
tune available for the assimilation of older rocks 
and for differentiation of the resulting syntac¬ 
tic magma which could be expressed in the 
later eruptions are likewise unknown. 

i. There are no data available as to tho shape 
of the roof of the magma reservoir and the 
homogeneity of the magma ul tho beginnbigof 
. the volcanic period. The roof may have been 
| sufficiently irregular for the rhyolitic portions 
of the magma to collect in the. uppermost parts 
of the chamber through gravitntive differen¬ 
tiation, even before any eruptions took place- 
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EVIDENCE Hf EARLY LATITE AND EARLY RHYOLITE. 

The oldest volcanic, rock found by the writer 
is the early latite or andesite, but whether this 
rock is the oldest of the entire volcanic series is 
not known, l'urthermore, it is not known 
through what conduit or couduits this latite 
and the succeeding early rhyolite were erupted, 
nor through how many geologic, formations the 
conduits extended. If any rocks displaced in 
the lower and probably larger part, of the 
conduit sunk and were assimilated . by the 
magma, the rocks thus assimilated must havo 
included the siliceous pre-Cambrian rocks and 
perhaps some, of the Tintic quartzite, hut lime¬ 
stone. could havo played only a minor part in 
the process. Whether or not assimilation of 
these rocks was influential in giving the oldest 
of the known lavas of the Tintic district a 
latitic composition can not be determined 
without a knowledge of the composition of the 
original magma. 

Comparison between the visible mineral com¬ 
position of the early andesite or latite and that 
of the early rhyolite suggests a differentiation 
of the latite magma without any necessary 
addition of assimilated rock, hut the impossi¬ 
bility of determining the primary silica in cither 
rock prevents a definite conclusion on tliis 
point. If, after the first latite eruption, the 
magma remnined in the conduit at the general 
crystallization point for tho first group of 
minerals (calcic plagioclase and ferroniagnesian 
silicates), the crystallization of these minerals 
and tho gradual settling of their crystals 1 with 
a simultaneous rasing of the still fluid material 
would leave in the upper part of the conduit 
a residual magma composed principally of the 
constituents of alknlic feldspar (including the 
more sodic end of tho plagioclaso series), with 
any excess of silica. In other words, a trachyte 
or rhyolite would bo the next lava, emptied. 

'The hypotbev; of *och gr&vitAtlvo dL'Tvnli.Cion his baon mlvo- 
cr.teJ by a number , f writers who cUifos from ono r ro^rduig 

ixrliiin cJeLiib according to their rwpectivo crr.ioption.v of intri'rliurlc ^ 
conditions. So tar on tho pr>vsmt writer's expl mutton is conoMin-i, a 1 
0 .;vs not matter whether (he process was ono of a simple tract lonal 

;ulUr.'ion or involved omre or less rulUsolvtnK of the slntm\* cryv 
tats, so lonft as It was of nunVefrnU dunillon to have formed tfcaqti.uitily 
of rhyolite known to havo been erupted in tho area. For reoeTul dis¬ 
cussion of Ute qu&sUon of dutrsontlatlou pppropriotu lo the prvwnt r.i»o, 
wo fk-hwolg, M., DtlTervnniUon dor Hji-iton: Nouivi Johrb,, Hcil.ico 
ft«>4 17, p. 510, 160 B; H.-aonn, L. V., Cctmgrsphy and cealory of Uae 
Ictkwm rocks of the lllghwood Mountains, Mont.; V. 8. dtcl. Survey 
Hull. 537, pp. 1SI-I07, HUS; Iddliiss. i. 1‘ , Igneous rucks \vl. I, pp. 
SW-»S, Sirs*; Clarke, F. \V., T*io d ,t» of jieodioulistry, 70 cl.: C. S. 
'•out Survey RutL 015, pp. 307 , 313, 1610, Itowen, N. L., Tho liter 
rViltva of the evolution of thu igneous rucks: Jour. Geolocr, vol. 23, No. 
S, suppl., lias, a 
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Sueli a separation of alkalic from subalkalic 
magma is illustrated on a small scale by the 
small alkalic granite segregation in the rnon- 
zonite, tleseribetl on page 68. Wliat has thus 
taken place on a small scale near a chilled upper 
contact may have taken place on a huge scale 
in a standing column of liquid lava covered by 
hot, newly consolidated rock. The degree of 
separation depends upon the length of time in 
which the. lava column can remain at or below 
tint crystallization points of the more calcic 
plagioclase and ferromngitesian (mafic) miner¬ 
als and above those of alkalic feldspar (and 
quartz). That such an interval may he of con¬ 
siderable duration is shown by the latites of the 
district-—for example, that of Tintic Mountain 
(y>. 62), which is composed of more or less 
rcsorhed phonocrysts of plagioclase and mafic 
minerals, in a glassy grounduiass made up 
chiefly of the components of alkalic feldspar 
and quartz. 

EVIDENCE IN THE PACKARD AND SWANSEA RHYOLITES. 

The chemical relations between the Packard 
and Swansea rhyolites and mouzonitic rocks are 
illustrated by analyses. The relations of both 
these rocks to the sedimentary rocks, however, 
though rather clearly shown structurally, lenve 
room for speculation so far as assimilation of 
sediments and subsequent differentiation are 
concerned 

RELATIONS TO MONZO.NIT1C ROCKS. 

The chemical and mineral differences be¬ 
tween these rhyolites anti tho monzomtic rocks 
arc shown by a comparison of their norms: 2 

Nonna of rucks of Ttulic tiintricl. 

l.iUite Jton/.o- 
Swansea Packard of Tintic nite ol 
rhyolite, rhvolito. Moan- Silver 

tain. City. 

Quartz.,... 31.2 24,0 13.6 M. 0 

Orthoclaae_ 26 1 30.0 25.0 28.1 

Aibite. 25.2 30.0 25.2 21.1 

Anorthili}. 5.8 8.1 17.0 1C.7 

Corundum. • • • 2.5 .0 .0 .0 

Dio pride. .0 1.1 5.3 2. *1 

Hyperstheno.. 1.1 1.2 5.0 5.8 

M acne tile. ’ll 0 5.6 

Ilmonitc. 1-- l> * I. 

Hematite. -9 2.5 . . 

Pyrite. 2.3 .0 .. 

» Was’iiotfton, H. op. cit., pp. 1*3* «M. 
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The two rhyolites have about twice ns much 
normative, quartz us the latito and monzonite. 
'lhe two normative alkulic feldspars maintain 
ft nearly uniform ratio throughout. Those m 
the Packard rhyolite are in excess of the others 
but still maintain the ratio 1:1. The nuor- 
Lhite of the norm is more indefinite, as much 
of this molecule in the latito and monzonito 
actually belongs to augile or hornblende. Hie 
true variation in the anorthilo molecule is bet¬ 
ter shown by the optical determination of 
plagioclase. in the tour rocks respectively 
Ab K An A , Ab^An*, Ab^An^,, and Al> 5V \n e4 
and shows a tendency for anorthite to diminish 
as quartz increases. As biotitc is only a minor 
mineral in all the four rocks, the excess of 
diopsklc and hypcrsthcnc in the monzouile 
and latito serves to express, along with a pu.rl 
of the normative auorthite, the amount of 
pyroxene and hornblende present. 

The nearly uniform ratio of the orthoclase 
and albite. molecules confirm geologic evidence 
pointing to tlie close genetic relation of the 
several rocks. Differentiation must have taken 
place mostly before crystallization or during 
its early stages, us is shown by the va lying 
composition of the plagioclase. The process, 
involving a concentration of SiO, in one direc¬ 
tion and a complementary concentration of 
Fe.jOj. FeO, MgO, and OuO in the other, pro¬ 
duced two magmas of different, specific, gravity. 
The supposition that the lighter, rhyolitic frac¬ 
tion rose to the top of the magma chamber 
and was the first, to he erupted agrees with the 
field evidence. Calcic plngioclusc (preserved 
ns the inner zones of the crystals in the latites 
and andesites), biotitc, brown hornblende, and 
augite crystals were the first to form, as shown 
by the textures of all llie rocks of the district. 
The crystallization and settling of these min¬ 
erals and an accompanying rise of materials 
that were still above their crystallization points 
left at the top of the chamber a magma com¬ 
posed essentially of the constituents of ulkalic 
feldspar, the more sodie plagioclase, and quartz. 

Had this separation progressed to comple¬ 
tion, practically all the nuorthito fraction o! 
plagioclase and nearly nil the mafic constitu¬ 
ents would have been removed downward, 
lea\ing an upper portion with the composition 
of ulkalic granite or rhyolite (alaskose or lipu- 
rosc); but volcanic activity was resumed be¬ 
fore the separation was completed, and the 


upper magma, still containing enough of the 
anorthite molecule (o form andesine, was 
erupted through two or more different vents 
to form the rhyolites, 'llie small differences 
in composition between the Packard and Swan¬ 
sea rhyolites may bo attributed to slight dif¬ 
ferences in the elimination of anorthite and 
fetnic molecules at two different vents, but the 
differences are too slight to be of any real sig¬ 
nificance, The quartz and alkulic. foldspnr in 
the monzonito may also signify incomplete 
differentiation. 

nr.lATlONS TO BKDQIXNTAHV ROCKS. 

Whether this differentiation was due to the 
separation of constituents of tho original 
magma or of a syntactic magma formed by (he. 
assimilation of sedimentary rocks will now be 
considered. Marginal assimilation on a small 
scale is suggested on page 68, in the descrip¬ 
tion of a rhyolitic border around a quartzite 
inclusion in monzonite. If marginal assimila¬ 
tion on a small scale is possible, it is also possi¬ 
ble that, during tho indefinite time that, pre¬ 
ceded the concentration and eruption of rhyo¬ 
lite, the unknown thicknesses of pre-Cambrian 
rocks and possibly tho lowest beds of the Tintic 
quartzite may have undergone extensive as¬ 
similation, enriching the magma in silica and 
to some ext ent. in alkalies and other constituents. 

The evidence, however, so far as tho rhyo¬ 
lites are concerned, is very obscure. The top 
of the Packard Peak conduit must be in rock 
at least as young as Ordovician and probably 
as young as Mississippinn (PI. I). The con¬ 
duit may be of cylindrical form, as suggested 
in Plato II, section A-.V, or the lava may have 
issued from fissures now occupied by dikes. A 
cylindrical conduit could have been formed in 
part by the sloping of the country rock, but it 
may have, been due largely to (lie thrusting 
apart of the inclosing rocks, as suggested by 
the faults west of Packard Peak. It is there¬ 
fore improbable that any great quantity of 
limestone was carried to abyssal depths und 
dissolved in the magma. 

It is conceivable that, prior to tho rhyolite 
eruption, a monzonitie magma was intruded 
into the thick mass of unexposed pre-Cambrian 
rocks and e.ven into the lower beds of the Tintic 
quartzite, which in this vicinity are over 2 
miles below the vent. A magma at such 
depths may well have remained liquid long 
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enough to have sloped and dissolved a consid- 
cvablc amount of siliceous rock and (o have 
subsequently yielded the rhyolite by differen¬ 
tiation. Whether or not blocks of quartzite 
could sink in a monzonite magma is discussed 
on page 87. 

Evidence is equally inconclusive with regard 
to the Swansea rhyolite. It passed upward at 
least as far as the Cole Canyon dolomite (PI. 
JV), and the opportunities for speculation on 
deep-seulcd magmatic processes prior to its 
eruption arc essentially the same as those sug¬ 
gested bv the Packard rhvolite. 

EVIDENCE IN THE LATITES AND MONZONITE. 

The latites in the tuff cone of Volcano Ridge 
must have risen for most of their course through 
a conduit in quartzite and older rocks, and 
whatever limestone may have sunk in the con¬ 
duit prior to explosive eruptions could not have 
been sullieicnt to affect the composition of the 
magma materially. The processes suggested 
as possible in the Packard Peak conduit may 
therefore have taken place here also. As the 
tuffs and dikes are clearly later than the Fer- 
now rhyolite, which is exposed in the vicinity, 
it may be inferred that after the more siliceous 
rhyolitic fraction had been erupted from the 
top of the magma chamber an underlying less 
siliceous fraction, in' part represented by the 
augite latite (p. 56), furnished the material for 
the next eruptions. 

The upper part of the monzonite porphyry 
plug of Surmise Peak cute the tuff cone just 
considered aud below this must pass through 
an unknown thickness of qunrtzito and lime¬ 
stone. As the monzonite porphyry and its 
corresponding latite are similar in microscopic 
mineral composition to inclusions in the tuff, 
no pronounced differentiation of the magma 
can have taken place between the eruption of 
Volcano Ridge and that of Sunrise Peak, and 
therefore no assimilation of quartzite or lime¬ 
stone blocks can have seriously affected the 
composition of the magma. 

The monzonite, the latest intrusive of any 
importance in the district, worked its way 
upward chiefly tluough quartzite and lime¬ 
stone and in part through the Swansea rhyo¬ 
lite. Its method of intrusion, as shown in the 
discussion of faulting (pp. S7-88), consisted to a 
considerable extent in the thrusting upward 


and aside of large blocks ol’ sedimentary rocks 
and of the Swansea rhyolite. These blocks, 
after being faulted, were partly removed by 
flic stuping process, as is shown by the many 
inclusions of limestone and quartzite in the 
monzonite; lnit as these inclusions have not 
sunk any great distance from their original 
positions, there was probably little or no assim¬ 
ilation of them. As the most noteworthy 
change in composition of the magma between 
the eruption of the Swansea rhyolite and that 
of the monzonite was a diminution of silica, 
the sloping of siliceous rock at great depth 
prior to the faulting due to intrusion can have 
had no marked influence on differentiation. 

'Phc relations of the monzonite to limestone 
require special discussion in view of Daly's 
hypothesis that, monzonites and alkalie igneous 
rocks owe their origin to differentiation from 
suhalkaline magmas following the assimilation 
of limestones. 1 

A rough idea of the volume of limestone dis¬ 
placed by the main monzonite mass can be 
gained by noting the contacts in the Lower 
Mammoth and Dragon mine workings and by 
estimating the volume of (.he formations repre¬ 
sented in the mctamorphic limestone area; but 
the numerous large inclusions of limestone in 
the monzonite, as already shown, did not have 
time to affect the composition of the magma 
appreciably. The small monzonite stock north 
of Sioux Pass, however, cut its way at least 
through the Bluebell dolomite and, to judge 
from its granular texture, probably extended 
for a considerable distance higher. Its under¬ 
ground dimensions are not known, hut the evi¬ 
dence cited or. page 64 indicates a very steep 
downward divergence of its boundaries. The 
total stratigraphic thickness of limestone dis¬ 
placed by this stock is at least 4,300 feet, and 
the entire volume of limestone displaced by 
monzonite must be very great; hut, ns will be 
shown presently, it does not seem probable that 
the displaced limestone appreciably affected the 
composition of the magma through assimilation. 

The possibility must be considered that 
magma of rhyolitic composition may originally 
have been in contact with the limestones and 
remained there long enough to become desili- 
cated through reaction with limestone inclu- 

> Daly, U. A-, Origin of alkaUno t.. la: Ctwl. America Bull r-vol. 
21, pp, 87-118,1310. 
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sions. One volume of pure dolomite would - 
raise the lime and magnesia in 10 volumes of 
Swansea rhyolite approximately to their per¬ 
centages in the monzonite of Silver City. One 
volume each of dolomite and limestone (ac¬ 
cording to the thicknesses and composition of 
the. Tin tic rooks the volume of displaced lime¬ 
stone must equal or exceed that of displaced 
dolomite) would raise the lime in 25 volumes 
of rhyolite to more thau the quantity in the 
monzonite but would make up only half the 
difference between the magnesia percentages 
of the two rocks. Some furtlicr concentrations 
within the. magma must thru ho postulated to 
aecoinit for the percentages of lime and mag¬ 
nesia in the inonzonite, u» well as for the in¬ 
crease instead of dccrct.sc in iron oxides and 
for so great a decrease in silica (Irom 71.5 (o 
Wl instead of 66.7 per cent); but such concen¬ 
trations would imply t ime for gruvitntive dif¬ 
ferentiation, or the sinking of the ferromag- 
nesinn minends ami calcic plagioclasc, which 
would unmake rather than make magma hav¬ 
ing the composition of the local monzonite. 

An equally serious if not more serious objec¬ 
tion to such an origin for t he monzonile is based 
on geologic grounds. For so great a body of ! 
rhyolitic (or granitic) magma to remain fluid 
long enough to allow for such assimilation and 
differentiation implies batholitliic, or at least 
liypnhyssnl, conditions; but it has boon shown 
that tho topography of the sedimentary rocks 
at the beginning of volcanic activity was much 
the same ns the present topography. The 
contacts of the effusive Packard rhyolite east 
of Godivn Mountain and of the altered tuff and 
Intitic lavas in the vicinity of Sioux Pass prove 
that the present, limestone surface in tins part 
of the district is practically coincident with 
the pruvolcnnie surface. Furthermore, the 
sleep slopes found to exist at Uirso limestone 
nnd lava contacts and the considerable thick¬ 
nesses ol the lavas in adjacent, prevolcanic val¬ 
leys show that the pre-voli-unic valley lloors oust 
and south of Sioux Pass were even deeper than 
the present valleys. Of the 4.300 feet of lime¬ 
stone and dolomite cut by the subsidiary mon- 
zonite stock at Sioux Pass. 2,000 feet, was above 
the prevoleanie valley floors. The remaining 
2,500 feet at tliis place and a much less amount 
over tlm main monzonite stock can hardly be 
regarded ns sufficient both to furnish material 
for extensive assimilation by the magma and 
to act as a butbolithic cover over it during the 


long period of time necessary for differentia¬ 
tion. 

On the. other hand, when rhyolitic erup¬ 
tions were followed by latitic eruptions, the 
great quantity of the latitic material not 
only filled the deep valleys hut probably cov¬ 
ered the highest limestone mountains as well 
(p. G5); furthermore, the heat supplied from 
the volcanic source had had time to cause a 
local rise of isogcothernia. Accordingly, there 
was a distinct approach to hatholilhic or at 
least hypabyssnl conditions, and the granular 
though rather fine-grained and porphyritic tex¬ 
ture of the monzonite may thus be explained, 
as may also the fact that it maintained its 
granular texture to the top of the limestone 
nnd perhaps for some distance into tho over- 
lying lavas. Most if not all of tho limestone 
formerly in the monzonite areas must have been 
displaced by the monzonite magma, and the 
composition of the monzonite can not. he altrib- 
J utod to assimilation of this limestone by rhyolite. 

It appears from the foregoing discussion that 
evidence in the Tint ic district gives no support 
to the suggestion made by Duly that nionzo- 
nites, as well as the more distinctly alkaline 
rocks, such as syenite and nepholino or leucit e 
rocks, owe then - origin to the. effects of assimi¬ 
lated limestone upon subalkaline magmas. In 
the Tintic district the origin of the monzonite 
and lntite must be accounted for in u different 
way, and simple gravilative differentiation has 
been suggested us the most probable explana¬ 
tion, although abyssal assimilation of siliceous 
rocks prior to volcanic eruptions may hare 
had some, influence. The syenitic. variation 
of the monzonite, however, is mentioned on 
page liS as a possible result of reaction on a 
small scale between the monzonite and dolo¬ 
mite. Such reaction, which has taken place 
on a small scale at the uppermost exposed 
contact of the monzonite, can doubtless take 
place on a largo scale at abyssal depths ana 
be represented in later eruptions; but no later 
eruptive rocks are exposed in the district other 
than a few dikes of monzonite porphyry. 
It may therefore bo concluded that although 
I this last bit of evidence, suggests the possible 
derivation of alkaline from subalkaline rocks 
(including monzonite) through the assimilation 
j of limestone and dolomite, as proposed by 
i Daly, the volcanic period in the Tintic dis¬ 
trict was not long enough to make (Ids process 
efficient on a huge scale. 
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EVIDENCE IN THE BASALT. 

The rolnt ion of (he minor occiUTonees ol 
olivine basalt at House Butte to the other 
igneous rocks of (he district- can not bo. properly 
considered without a chemical analysis, The 
rock nniv belong to a distinctly later volcanic 
epoch and represent the primary basalt- 
involved in Daly’s hypothesis; 1 or it may 
represent the basic pole of differentiation of 
the volcanic series of the Tintic district. In 
the- latter case downward migration of the 
most basic material would eventually develop 
a basaltic magma beneath the extensive 
monzonitic magma, and any eruptions in the 
closing stages of volcanic activity, after the 
raonzonilic magma had consolidated, would 
necessarily consist of basaltic rock, 

CONCLUSIONS AND SUMMARY OF VOLCANIC HISTORY. 

The principal conclusions in the foregoing 
discussion are as follows: 

1. The oldest igneous rock in the- district is 
a latite or andesite, but nothing definite is 
known regarding its ultimate origin—whether 
it represents a primary or a syntactic magma. 

2. The. early rhyolite cast of the Iron Blos¬ 
som mine represented by the next eruption 
maybe a differentiate from the latite or andes¬ 
ite, due to gravitative separation of the con¬ 
stituents originally in the andesite; but possible 
effects of abyssal assimilation can not be 
denied. 

3. The production of the Packard and Swan¬ 
sea rhyolites through the assimilation of sili¬ 
ceous rocks by monzonitic magma some miles 
below the surface was also possible but quite 
beyond the realm of proof. 

4. The postrhyolite monzonitic rocks repre¬ 
sent the mngma after the rhyolite fraction in 
the upper part of the magma chamber had 
been separated and drained off. They urc not 
due to assimilation of limestone by a rhyo¬ 
litic. magma. 

5. There is some indication of the derivation 
of alkaline rocks on a small scale by marginal 
reaction between limestone and subalkuliue 
magmas, us suggested by Daly, but- the vol¬ 
canic period was too short to allow the concen¬ 
tration and eruption of any large bodies of such 
alkaline rocks. 

fi. The small dikes of olivine basalt may 
represent either a distinctly later volcanic pc- 

1 Ualy, R, a., Tins nirtfhunii'S o( Igneous lntniilon: Am. Jour. Sri., 
lth set., vul. 13 , p. M>, 1003; vol. 16, p, 107,1303. 


riod or the basic pole of differentiation in the 
volcanic series of this district. 

The order of events, beginning with the earli¬ 
est known eruption, nuiv he summarized as 
follows: 

1. Earlier latite or andesite eruptions. 

2. Long quiescent period; possible siliciiica- 
tion of main magma through abyssal assimila¬ 
tion of siliceous rocks; differentiation of the 
original (syntactic) magma into an upper 
rhyolitic and lower monzonitic fraction. 

3. Eruption of early rhyolite. 

4. Eruption of rhyolitic tuff. 

5. Eruption of the Packard nnd Fernovv 
rhyolites and intrusion of the Swansea rhyolite. 

6. Explosive eruption of Inti tic or andesitic 
tuff, forming the Volcano Ridge cone. 

7. Eruption of augito lat ite from the. Volcano 
Ridge vent, including many of the radiating 
dikes in the vent. 

8. Eruption of the latito-nionzonite porphyry 
of Sunrise Peak, probably including several 
flows and accompanied by outlying dikes. 

9. Eruption of the pyroxene latite flows and 
dikes, which may be essentially contempora¬ 
neous with the monzouito of the Silver City 
stock. • 

The coarse agglomerate and tuff and the 
flows containing basaltic hornblende followed 
the. rhyolite eruption, from unknown conduits 
or fissures, and may he contemporaneous 
with a part or all of Nos. 6, 7, 8, and 9. 

10. Eruption of olivine basalt, possibly a 
complementary differentiate to the rhyolite. 

STRUCTURE. 

The structural features of the Tmtie district 
include folding, faulting, jointing, and features 
due to igneous intrusion and extrusion. Of 
these, folding and faulting are mentioned 
briefly on preceding pages and arc thoroughly 
discussed below. The problem of igneous in¬ 
trusion is treated in connection with the fore¬ 
going descriptions of the igneous rocks, and 
only the influence of preexisting fissures re¬ 
mains to be considered. As the structural 
features of (he. Tintic district are hut the local 
expression of forces active at different periods 
throughout the Great Basin and even a more 
extensive ami, a thorough consideration of 
t-licir causes is impossible without a review of 
studies over this great urea. Such a review- 
lias not been attempted, and the conclusions 
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POLDS ' ... gurfuee from Mammoth Bluffs northward along 

Several major and minor folds occur w a »» ^ southwest, summit, of Godivn Mountain. 
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and Opex shafts; south of these faults the Tho axis of the fold follows closely the eost- 
nvemge dip is SO 3 W. and the svuclinc is slightly era edge of tho Humbug formation. (See Pis. 
overturned. 'Plus reversed dip is shown to IV and V.) The axial plane, as shown in tho 
continue downward beyond the 2,000-foot level 2,000-foot, shaft of tho Yankee mine (PI. )» 
of the Opex, or more than 2,600 foot below the section A-A'), is nearly vert ical. The axis can 
crest of tho cast-west limestone ridge. Thom bo traced from the Yankee mine southward 
is no indication of an approach to the axis of to tho Iron Blossom No. 3, but beyond these 
the fold except in the Emerald and southern limits it is concealed beneath volcanic rocks. 
Opex workings, where the dip flattens consul-i The pitch of the fold is northward, os shown 
eriibly. In the Centennial Eureka and the by tho curving of t-lio Ordovician strata south- 
northern Opex workings the dip flattens locally, eastward toward the axis and by their low 
but them seems to ho no definite character to northeasterly dips southeast and oust of Mam- 
theso places, and they arc more reasonably moth. It is also indicated by the different 
interpreted us local undulations within tho levels at which tho top carbonaceous bed of 
west limb of the main fold. Whether they the Gardner dolomite has boon found—at the 
wem caused by local variations in the folding i 500-foot level in tho Northern Spy, the 900- 
strevs, by drag along faults, or by the intrusion foot level in the Beck t unnel No. 2, and the 
Ot tho quartz porphyry dikes can not bo 11,300-foot level in the Yankee mine; but east- 
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wCS t faulting has so greatly displaced the beds 
north and south of Mammoth that tlio degree 
of pitch can not bo closely estimated. The 
synclinal axis extends northward beneath the 
Packard rhyolite and is again shown at the 
nortli hoimdarv of the Tiiitic quadrangle east 
of Fremont Canyon. (See PI. L.) 

In the extreme north western part of tho 
quadrangle the Ordovician and Mississippian 
portions of the west limb assume a lower dip 
and finally, near the head of Broad Canyon, 
beyond the northwest corner of tlio quadrangle, 
cross tho axis of nn anticline whose west, limb 
has a generally low dip. From these features 
it is evident that the folding was developed lyy 
an eastward thrust that was especially pro¬ 
nounced in the Tin tic district ns compared 
with surrounding territory, where both limbs 
of tho folds have gentle dip. 

FAULTS. 

GENERAL CHARACTER. 

Faults of considerable, size arc abundant 
throughout the. district, although most of them 
may at fust, be easily overlooked owing to tho 
similarity between limestone beds of different 
horizons. The best wav to obtain an adequate 
idea of the faulting is to (race some well-defined 
bed, such as the Dagmar limestone, from Mam¬ 
moth Gulch northward. Fissuring, as a rale, 
accompanied by pronounced faulting, has token 
place at different periods; some movements ac¬ 
companied or closely followed folding; others 
may have been distinctly later than folding, 
but older than volcanic activity; others evi¬ 
dently took place during the volcanic period; 
others followed volcanic activity and preceded 
ore deposition; and still others, though much 
less pronounced in the Tintic district, took 
place after ore deposition. Some faults of dif¬ 
ferent age. follow essentially parallel directions, 
and it is quite possible that more than one 
movement has occurred along the same fault. 
Furthermore, no faults have been traced from 
the quartzite through the shale into limestone. 
For these reasons it seems best to group the 
fault descriptions first according to the forma¬ 
tions in wltich they occur and to subdivide 
them so far as possible according to ago, lo¬ 
cality, and direction. Only faults in the min¬ 
ing district proper (PI. IV) are discussed in 
detail. Those elsewhere in the quadrangle (see 
PI- 1) are subject to the same interpretations. 


•Tim;. 

FAULTS IN THE QUARTZITE AND SHALE. 

FAULTS Cl.O.SKI.V CONNECTED WITH FOLDING. 

Along the quartzite, and shale contact are 
local over thrusts and several nearly vertical 
easterly faults, all closely related in origin. 
Besides these at least four systems of joints 
J were seen in tho quartzite, following nearly 
north, east; northeast, and northwest direc¬ 
tions. Some are sliokensided and some are ac¬ 
companied by considerable crushing, but the 
uniform character of the rock conceals the 
amount of displacement along them. One 
northeast fissure on the south spur of Quartzite 
Ridge has been filled by a rhyolite dike. Joints 
in the shale are not persistent. 

The best -defined- overthrust is exposed on the 
south side of Eureka Gulch, where a block of 
quartzite has boon pushed eastward over the 
shale. Here the strike of the formations 
swings from nearly north to nearly east (PI. 
IV). The shale is not present in the area of 
easterly strike except in a shallow prospect hole 
near the east end, where it is overridden l>y 
quartzite. It, next reaches the natural surface 
200 feet farther east, where it is exposed in a 
narrowband, less than 100 feet wide, which enn 
be followed in a southeasterly to southerly 
direction for about 500 feet. Hero the quartz- 
ito and shale contact is offset 250 feet to the 
west by a vertical easterly fault. South of this 
fault the shale, hand is 300 feet, thick and shows 
normal stratigraphic relations to the quartzite. 
The. quartzite north of the fault, dips about 60° 
SW., away from the shale, but soulh of the 
fault it dips 80° E., toward the shale. The 
whole structuro is interpreted as follows: Tlio 
forces active dining the period of folding de¬ 
veloped a nearly right-angle bend in the quartz¬ 
ite, forciug it against the relatively plastic shale, 
which, presented so weak and uneven a resist¬ 
ance that a. block of the quartzite was locally 
overthrust upon it, producing both the over- 
thrust and the accessory easterly fault at the 
same time. 

Tho quartzite and shale contact about 630 
feet- north of Eureka Gulch nniy he broken by 
a similar though smaller overlhvust and acces¬ 
sory easterly fault, but. the evidence here is 
obscured by line talus. Over 2,000 feet north 
of tho gulch is a more mar ked occurrence of tho 
same kind. Here, too, the details are obscured 
by talus, but the local elimination of the. shale 
and the position of the quartzite boundary ill- 
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diofttc beyond a doubt that an ovorthrust fault 
j 3 present.. There is a similar but greutcr fault 
tlu-ee-fifths of a mile north of the mouth of 
Jenny Lind Canyon, where the quartzite has 
moved across the positions of the shale and 
adjacent limestones for at least 1,SOO and pos¬ 
sibly as much as 2,400 feet. A thin rhyolite 
covering here conceals (lie exact amount of 
displacement, as well as the arrangement of 
the shnlo and limestone immediately south of 
the fault. 'Hint the quartzite lias been over- 
thrust is shown by a prospect shaft just south 
of the fault lino and nearly due south of the 
7,050-foot, summit. Tho collur of this shaft is 
in quartzite, but the material on the dump is 
practically all argillaceous limestone similar 
to that on the north side of the fault. This 
fault is the only one found whoso contact 
extends across the shalo into tho limestone, 
and it is possible that the total displacement 
shown represents not only tho eastward thrust 
of the southern block during folding, but a 
later westward thrust of the northern block 
caused by the pressure of the rhyolite column 
in the Packard Peak vent. 

All the easterly faults that offset the quartz¬ 
ite and shale contacts are best interpreted as ol 
similar nature to tho accessory faults above 
mentioned. Some are so paired us to indicate 
a broad quurtzitic block tluusl further east 
than those to the north and south of it; others 
indicate a stoplike arrangement of the blocks, 
'flic interpretation implies more or less over- 
thrusting. ull along the quartzite and shalo con¬ 
tact, but tho whole contact can not be strictly 
mapped as a fault, because tho movement ad¬ 
jacent to it has evidently been effected by 
slipping on many surfaces within the shale, 
which appears to have had its thickness here 
increased and there diminished by squeezing. 
The directions of movement along the easterly 
faults are, according to this interpretation, 
either horizontal or, more likely, inclined up! 
ward to the east. The most conspicuous 
though uot the largest of those easterly faults 
which bus n strike slip (horizontal offset along 
the fault plane) of about 250 feet, is just south 
of the saddle oast of Quartzite Ridge and is 
shown in Plate XVI, B. 


In 

Robinson. 


PAOLTS l-VTKIl TIIAX POLDlNO 

the small quartzite area southwest of 
tho northeasterly strike and low I 


southeasterly dip form so marked a con trust to 
till- X. 10° 10. strike and 80° W. dip of the 
main mass that there can bo no doubt that a 
strong easterly fault, is concealed beneath the 
alluvium of Munimoth Gulch. Tho attitudes 
of the strata on each side of it. show that it is 
distinctly later than the folding, ns the gently 
dipping beds on the south side represent, tho 
bottom or trough of the fold, faulted up against 
the vertical west. limb. The vortical displace¬ 
ment can not bo measured exactly, but in the 
quartzite area it. must at least exceed 2,000 
I feet, ns north of the gulch there is no indication 
of the strata curving toward the synclinal axis 
I either on t he surface or on the 2,000-foot level 
(west drift) of the Opex. (See PI. V, section 
B-H 7 .) This fault, in ay mark the north bouud- 
ary of a block uplifted during the monzonite 
intrusion, as shown on page 86 and in figure 9; 
but earlier movements may also have taken 
place along this same fault plane. 

FAULTS nr THE LIMESTONE. 

Faulting is abundant throughout the lime¬ 
stone area, especially in its western half (PI. 
IV); but the apparent scarcity of faults around 
Godivft Mountain and Sioux Peak is due to 
tho exteusivo talus covering and to the mom 
uniform color of the. outcropping strata, wliich 
tend to conceal them. Fracturing is plentiful 
in outcrops at both of these places, and several 
easterly or cast-northeasterly fissures have 
been cut undciground, but none have afforded 
read}' data for measuring the amount of 
displacement. 

As regards direction tho faults exposed at, 
tho surface in the limestone area may be di¬ 
vided into tliree groups, trending northeast, 
oust, and north-northwest. A fourth direction, 
nour north, is also prominent underground but 
because of its coincidence with tho strike of 
the strata can not be traced on the surface for 
any considerable distauco. These different 
groups urc as a whole rather sharply defined, 
as shouni in Plate IV, but on close study differ¬ 
ent groups appear very closely related both as 
to age and origin, and some faults with parallel 
strikes appear to differ in these respects; fur¬ 
thermore, certain of the faults liavo boon 
afieetod by more tlum one period of movement. 
It therefore seems best to group tho faults ac¬ 
cording to relative ago and to subdivide them 
according to location. 
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A. PHOTOMICROGRAPH OF AEGIRITE-AUGITE PORPHYRY PHASE OF MONZONITE. 

O, Orthoclase; P, plagioclase. Magnified 30 diameters. 
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R EAST-WEST FAU-T SOUTH OF THE SADOLE EAST OF QUARTZI i E R DGE. 

a, Top bed of Tintic quartzite; b. Ophir formation; c, Teutonia imestone (not faulted). 
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VIEW SHOWING OPEN CUT OF EUREKA HILL MINE AND PRINCIPAL NORTHEAST AND NORTHWEST FAULTS IN VICINITY. 
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Faults north of Eureka Gulch .,—The faults 
north of Eureka Gulch include one. of north¬ 
east trend, one of northwest trend, and several 
of cast trend. The geologic structure also 
shows the existence of n northerly fault he- 
ncath the alluvium in Cole Canyon. 

These different faults are all closely related 
and are due to a complication of causes— 
unequal eastward thrust bv the forces that 
produced the folds and developed major shear¬ 
ing pianos, accessory shearing induced by 
major shearing, and local pinching and bulging 
of the shale band. The strike shifts 1 (hori¬ 
zontal components of movement parallel to the 
fault line) are pronounced along all these faults 
except the northerly one. Upward movement 
to the east is also pronounced along the few 
faults where slickcnsided surfaces are exposed. 
That some rotation of blocks also took place 
during the fault ing is shown by discordances in 
dip on opposite sides of fault planes, but these 
differences arc- ns a rule not sufficient to account 
for more than a minor fraction of the total dis¬ 
placement, or even tho strike shift. 

An important feature of this interpretation 
is that although some of the faults—for in¬ 
stance, the northwest fmdt near the Dagmar— 
are “normal" in attitude, they were uot neces¬ 
sarily induced by tension. Tensional stresses, 
complementary to the principal compressive 
stresses, were doubtless operative in a north- 
south direction and may account in part for 
the open character of many of the easterly fis- 
smrs, as may also later movements, considered 
below (pp. S2-S6). 

The northernmost fault shown in Piute IV 
is most clearly exposed on tho ridge just south¬ 
west of tho Puxnuin shaft and can be followed 
easily across the saddle in the next ridge to 
the southwest, beyond which it disappears 
beneath talus and alluvium. Farther south¬ 
west, ou Bluebird Spur, west of Cole Can¬ 
yon, its trend is again' shown by the north¬ 
eastward offset of Lhe Dagmar limestone. 
Beyond this point it is concealed beneath 
talus, but it does not extend across tho shaje, 
as the qunrtzito in line, with tho fault is dis¬ 
placed eastward by a local over thrust. The 
dip of the fault plane, as shown by its course 

1 •< imo piv.jKMed (u Roll!, n. F., and otters, Report o( tho eonmitl..' 

Um nwn«arlatiiro ot fault*: Geol. Six-. America Bull., voL21, p. 172, 


over mi undulating surface, is steep to the 
southeast. There is no strike shift at the lime¬ 
stone and slate contact, but the shift is be¬ 
tween 225 and 250 feet at the outcrop of the 
Dagmar limestone mid nearly 600 feet near the 
Pnxnum shaft. The movement may have 
been in part of a rotary nature, the axis lying 
in the shale belt and the amount of displace¬ 
ment increasing eastward; but the increasing 
eastward displacement is for the most part the 
result of contemporaneous movement along 
the northwest fault, whoso strike shift is 450 
to 500 feet. 

The prevailing eastward thrust exerted dur¬ 
ing the period of folding- was, as is shown by 
the map, especially pronounced in the vicinity 
of Jenny Lind Canyon, where it produced a 
bulge and small easterly faults in tile quartzite 
and thrust the immense limestone block, 
bounded on (he south by the. west-northwest 
and northeast faults, upward to the northeast. 

The northeast direction of movement of the 
triangular block between these two faults and 
the Ophir formation was induced largely by 
the movement of the block just described— 
removal of support along the northwest fault 
caused yielding to the general eastward thrust. 
The yielding of shale in the Ophir formation 
was complementary to tho movement of these 
two blocks. Whore the castwnrd thrust was 
greatest the shale was squeezed, but it bulged 
to tho south, taking up tho space made avail¬ 
able by the movement of the triangular block. 

The easterly faults near the Dugmar shaft 
in the triangular block are attributed to acces¬ 
sory movements induced by shearing stresses 
that, were active along the main oblique faults. 

Tho area south of the triangular block was 
also one of pronounced compression, as shown 
by the thinning of the shale and by local over¬ 
thrusts along the quartzite and shale contact. 
The easterly faults in the limestone of (his 
area are attributed Jo this local compression. 
It is noteworthy that none of these faults, 
although (heir strike shifts are considerable, 
extend eastward across Keystone Ridge. 
Movement along them v as evidently taken up 
along tho northerly fault, beneath Cole Canyon. 

Faults between Eureka Gulch and Eureka 
Peak .—The greatest and most complicated 
fault zone lies along Eureka. Gulch and on the 
slope's west and northwest of Eureka Peak. 
(See PI. XVII.) The faults along Eureka 
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Gulch arc largely concealed beneath alluvium, 
and only an incomplete indication of them is 
given by the isolated outcrops of the Ajax ami 
Opohonga limestones; but the general strike 
shift is about 2,000 feet. One fault contact is 
exposed at the westernmost switch on the 
Denver & Rio Grande Railroad, where the 
charty Ajax limestone with northerly strike, 
and vertical dip is in contact with the ( ole 
Canyon and Opex dolomites, which strike 
norlJi-northensl and dip B0 o -S0° S.,and which 
are beveled off along the fault. The fault 
piano strikes northeast, about parallel to the 
northern truck, and dips southeast. 

On the southeast side of the fault exposure 
the rocks are highly brccciutcd and cut by 
short faults in various directions, but. the 
general strike of the beds swings from north¬ 
east t hrough east and finally around to south, 
which is the normal strike between Eureka and 
Mammoth gulches. The corresponding changes 
in dip arc from southeast to south and finally 
to 80° E. These changes show that the beds 
on the south side of the fault suffered both a 
reversal of dip and a bending of strike such as 
would result from a powerful thrust, either 
horizontal or upward to the northeast.. On 
the west the breeciation continues as far ns the 
Golden Ray tunnel, directly opposite the local 
quartzite ovcrtlirust described on page 77. 
On the cast the brocciuted area pusses into 
three recognizable faults—two of northeast- 
ward trend, which are parullel to or slightly 
diverging from that exposed on the railroad, 
and one of S. 60° E. trend, which extends 
toward tho Centennial Eureka shaft and whose 
outcrop indicate a pronounced southwest dip. 
Along the latter fault, (he direction of move¬ 
ment. may be realized by the relative, south¬ 
east ward offset of its southwest wall and by the 
partial elimination of the Opcx dolomite in the 
wedge at its southeast end, data which indicate 
an upward easterly movement of t he southwest 
willi respect to the northeast wall. The fault 
thus appears to lie u reverse fault. 

Before an explanation of these faults is 
offered, attention should be called to the strong 
northeasterly fault which extends northeast- 
ward from the shale belt near the Herkimer 
shaft, passes close by the Centennial Eureka 
shaft mid disappears beneath the alluvium 
north of the Knglo and Blue Bell shaft. It is 
accompanied by breccia (ion northeast of the 


Herkimer and by local abnormal strikes and 
dips southwest of the. Centennial Eureka shaft. 
The strike shift, expressed by n relative north¬ 
east movement of the southeast wall, is very 
little near the slmle but increases within the 
next S00 feet to 2n0 feet, an amount whieh 
continues as far as the Centennial Eureka shaft 
or to the concealed junction of this fault with 
the S. 60° E. fault. Beyond this junction the 
displacement is much greater, but its amount 
is complicated by large displacements along 
four other faults whose strikes range from 
S. 70° E. to S. 80° E. 

The origin of most if not all of these fuult.s is 
believed to be similar to t hat of tho faults north 
of Eureka Gulch, although the present dis¬ 
placements along some of them are evidently 
the result of more than one movement. The 
forces that developed the groat easterly flexure 
in the quartzite and adjacent limestone# nml 
produced the.local overthmst in the quartzite 
were, effective throughout, the exposed lime¬ 
stone section. The flexure passed northeast¬ 
ward into the Eureka Gulch fault, and the 
flexed limestones ou the south were shoved 
past the unflexed beds on the north. Just as 
the flexure in the quartzite may be regarded 
ns an unsynmietrical anticline with its axis 
nearly normal to the surface, so Ihe Eureka 
Gulch fault may he regarded as a related over- 
thrust with its piano in a corresponding normal 
position. The drag or shear along the south 
block was so great that Ihe block itself was 
dislocuted by the two additional northeast 
faults and by the S. 60° E. fault. The fault 
Inst mentioned may be regarded as an oblique 
branch overthrust within the main overthrust 
block,' 

The origin of the northeast fault that passes 
souih of the Centennial Eureka shaft mid of the 
associated S. 7(>°-S0° 10. faults south of the 
Eagle and Blue Bell shaft is more difficult to 
explain. As the southwest end of the north- 
cast. fault is near on eastward bulge in the 
quartzite contact, the. fnu.lt and the bulge may. 
be related, and tho northeastward increase in 
displacement may lie attributed to a small 
amount of rotation. From tho Centennial 
Eureka shaft eastward, however, the cause ol 
the directions and amounts of movement is 
complex. The block that, lies duo cast of the 
Centennial Eureka shaft and is bounded on the 
north by a S. 80° E. fault, has moved eastward 
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and upw ind with respect to all the neighboring 
blocks. Were this block restored to alignment 
with the adjacent block to the north, the dis¬ 
placement along the northeast fault would show 
nnlv a normal northeastward increase, such as 
could he attributed to rotation. It is further¬ 
more noteworthy that this eastward upthrust 
block would then be in line with the wedge- 
shaped block that moved ixi approximately the 
same direction west of the Centennial Eureka 
shaft, and it thus appears that (ho S. $0° K. 
fault on the east of the northeast fault, is a 
faulted continuation of the S. 60° K. fault on 
the west. This correlation implies that the 
S. C0°-80° E. fault was formed prior to the 
northeast fault. 

The interval between the two movements was 
not necessarily groat and may have been wholly 
within the period of fokling, but it is also possi¬ 
ble that a part or all of the movement along the 
northeast fault may have taken place later, 
during the volcanic period, as is true of the 
Emerald-Grand Central fault, described under 
the next heading. It is also probable that 
concealed northerly faults, formed during or 
after the period of folding, ha ve been of some 
influence in determining the final positions of 
the fault blocks south of the Eagle and Blue 
Bell shaft. The details of faulting are too 
complicated to be fully accounted for, but it -1 
is obvious that the forces acting during the 
period of folding were also complicated nud 
capable of producing faults in various direc¬ 
tions. The conclusion is therefore warranted 
that most of the faulting between Eureka. 
Gulch and Eureka Peuk was due to stresses 
acting during the period of folding, though | 


passes just south of the Centennial Eureka. 
The most prominent of these, which extends 
I eastward to the Opox shaft, owes its irregular 
surface course to its dip of 50°-60° S. and to 
tho undulating character of the surface. 
Movement along it lias been marked by some 
rotation, us the beds to the south dip S0° W. 
and those to the north dip S0 € E. It is inter¬ 
rupted by a later northerly fault. 

The many easterly faults exposed south «f 
tho Herkimer shaft along the Dagmnr lime¬ 
stone may bo considered stoplike offsets 
corresponding to the eastward bulge of the 
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after the shapes of the major and the minor I 

folds had been determined; but that there is Quartzite nnd shale west of them. .Those 
some doubt ns to the exact origin of the faults ,lloil S tho Cole Canyon and Emerald dolomites 
south of the Eagle, and Blue Bell shaft. These ma y ,lIst> he due m P art> to simUor tlmist > but 
seem in part due to stresses acting in the period their off3ots are not continuous and m places 
of folding and possibly in part to forces acting ure °PP osed ouo mother, as if their move- 
in later i>eriods merits were more closely related to concealed 

Faults between Eureka Peal and Mammoth northerly faults formed after the folding 
Gulch .—Find ting is much less complicated period. (Sec figs. 11 and 12.) 
south of Eureka Peak, but for the most part it ^ho Emerald-Grand Central fault, which 
ran not be definitely correlated with nny one passes northeastward by the Emerald and 
period of disturbance. Most of the faults Grand Central shafts, is essentially parallel to 
mapped arc small and of easterly trend, tho more prominent northeast faults above 
Those north of tho Herkimer shaft appear to described and attributed to stresses active 
he accessory to the northeast fault that during tho period of folding; but any similur 
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relations which it may have shown to deforma¬ 
tion of the quartzite have been obliterated by 
igneous intrusion ami erosion. This fault, 
however, has displaced a rhyolite dike in the 
Opex mine (fig. 13), and, although it may 
have originated during the period of folding, 
the most pronounced movement along it was 
distinctly later, during the monzonite intrusion. 
It. is considered further on page 84 with other 
faults formed at that time. 

The northeast faults around Mammoth are 
not sufficiently exposed to suggest any relia¬ 
ble clue as to their origin. Only their hori- 



Fiatrir; I?.—Stuck dimming llluatrutliifc fcioltj c ,iu.---d by settling o( n 
Win* vtlh a lower \v...:;o pKj. A.Btftirfl faulting; n, otter fault tag. 

zontnl offsets are known. Their arrangement 
resembles that east of the Centennial Eureka 
shaft, and they may therefore possibly have 
been initiated during the period of folding, 
but they do not bear the same significant rela¬ 
tions to folds, and it js more probable that the 
greatest movements along them took place 
later, lhe faults in Godiva Mountain and the 
probable fault along Pine Canyon are also of 
uncertain age and origin. 

Tt may bo remarked, finally, that the faults 
most clearly associated with the stresses that 
produced the folding hear no relation to the 
topography, and this lack of relation would bo 
expected of compression faults, whose shat¬ 


tered zone's would largely he reeemeiifccd by 
the compression and recrvstallization. The 
Eureka Gulch fault rnuy appear to give, evi¬ 
dence contradictory to this sta tement, but the 
trend of the gulch does not parallel the lines 
of principal displacement, nor do the ore bodies 
spread laterally along them. Open fractures 
also are abundant beneath the gulch and may 
account for its location, but either they are 
minor tension fractures formed as a result of 
the compression fault., or else they belong to 
one of the fracture systems of later origin. 

FAULTS DISTINCTLY LA TEH THAN FOLDING BUT ANTEDATING; 

VO LCA NIC A CTIV ITY, 

Faults formed distinctly later than the period 
of folding can not he so definitely correlated 
with any particular stage of deformation, 
partly because later movements may have 
taken place along faults already existing and 
partly because the now fissure systems formed 
by forces active at different tiroes since the 
folding period tend to parallel one another 
as well as some of the older faults, For these 
reasons it seems best to outline the causes of 
deformation later than the folding, and to show 
their generally similar influence in the shaping 
of the directions of faults, without attempting 
to distinguish sharply among them. 

At the end of the period of folding tho rocks 
that had suffered an east-west compression 
and a corresponding north-south tension would 
undergo a recoil movement, owing to their 
elastic properties, contracting in a north- 
south direction and expanding in an oast- 
wost direction. A further inducement to lhe 
same readjustment would be contraction due 
to loss of heat generated by friction during 
folding; but changes from loss of heat would, 
owing to the poor conductivity of rocks, be 
slower than changes effected by elasticity. 
Tho elastic properties of rocks, however, are 
known to ho insufficient to bring about a com¬ 
plete recovery from the effects of compression, 
and heat, with the result that readjustment 
must be largely brought about by Assuring. 
The fissures would, therefore, develop on lines 
normal to the directions of readjustment— 
that is, parallel to and at right angles to the 
strike of the strata. As fissures formed durin 0- 
the period of folding already existed in both 
of these directions, the readjustment could 
have taken *place to some extent along these 
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old fissures nnd it may have on used l lio fornni- 
tion of now fissures parallel to the old ones. 
The fissures formed or influenced by this 
readjustment would tend to bo open rather than 
tight. 

Another influencing factor would he the 
isostatic readjustment of the rocks in the 
zone of qu os i-f towage beneath the outer zone 
of intense, folding, as postulated by Chamber¬ 
lin. 1 According to this hypothesis, the in- 
crease of overburden in upfolded areas of tho 
outer zone would set up in the inner zone a 
movement analogous to glacial evcop away 
from tho upfolded areas. There would ha a 
resulting collapse and settling of the outer 
zone—in other words, tcnsional or normal 
faulting—which could last over a considerable 
period of time. The faulting would naturally 
take plaeo along the fissures already formed, 
especially easterly and northerly faults bound¬ 
ing relatively small blocks; the open character 
of tho fissures would be largely maintained; 
and tho principal movement along the fault 
pianos would be downward, in contrast to the 
oblique upward and eastward movement along, 
faults formed during the period of folding. 

These three forces, all of which wore active 
at the end of the period of folding, tended to 
produce tho same result, which is best ex¬ 
pressed by the discordant relations of easterly 
faults on tho spurs southwest of Eureka Ponk. 
Tho displacement on one spur may bo just 
the reverse of one directly opposite on the 
next spur. The only apparent explanation of 
such opposite displacements is that an inter¬ 
vening wedge-shaped block (with its thin odgo 
uppermost) must havo settled along northerly 
fissures and that the adjacent blocks, thus left 
with unsupported sides, .settled toward each 
other (fig. 11, A and B, p.81) by slipping along 
easterly fissures; or that a wedge-shaped block 
with its ihin edge- down settled and thus 
separated the blocks on both sides of it (fig. 
12, A nnd B). Those northerly faults, which 
lie along shallow gulches, are concealed on 
tho surface by debris, but their positions are 
indicated where easterly faults on opposite 
sides of the gulches are displaced in opposite 
directions. The gulches owe their origin to the 
rapid erosion of shattered rock along the fault. 

Although block fnulting of this type can bo 
proved only where easterly faults are sufli- 

i Chuntorl In, T. C., Tlio fault problem: Eoon. Geology, vol. 2, pp. 
l>i-7U, 1907. 


cicntly numerous, there is no reason to believe 
that it is not present throughout the district. 
The most conspicuous of the. block faults are 
near the Opex shaft and south of the Engle 
and Blue Bell shaft. 

The larger easterly faults that have not been 
assigned to the period of folding may be in 
part due to these settling movements, but tho 
amount of displacement along them is so great 
in comparison to that along the faults just 
described that it seems probable that the prin¬ 
cipal movement along thorn was due to later 
disturbances which accompanied volcanic erup¬ 
tions. The most conspicuous of these faults 
is that extending from Mammoth eastward to 
tho Northern Spy mine. Another one, which 
is rather obscure, extends along the upper part 
of Jenny Lind Canyon. 

FAULTS FORKED DURING VOLCANIC ACTIVITY. 

The concealment of (lie sedimentary bods 
beneath volcanic rocks around all the vents in 
the district except along the northeast, bound¬ 
ary of the monzonite prevents thorough study 
of the influence of preexisting faults on volcanic 
eruption; hut the network of faults and the 
readjustment that followed tho period of fold¬ 
ing must have made conditions favorable for 
eruption. If the fissuring extended deep 
enough to reach the magma, chamber, the more 
open fissures would admit dike intrusions; up¬ 
ward-converging fissures would permit, the 
settling of intervening blocks, which would 
be displaced by ascending lava. Block after 
block could thus be displaced. Furthermore, 
the forces that were sufficient to push the lavas- 
upward from unknown depths to the surface 
must also have exerted considerable upward 
pressure upon the fissured rocks above and im¬ 
mediately adjacent to tho upward-moving lava 
columns, especially as the ascending lava ap¬ 
proached the surface. Thus, where a block was 
so situated that the magma could not work its 
way upward around it, the upward force could 
have pushed it upward or outward until u con¬ 
duit to the surface had been opened. The 
conduits must have been formed either by such 
an upward and radiating thrust, or by a col¬ 
lapse and engulfment of the rocks which tho 
conduits now replace, or, as field evidence in 
the monzonite area suggests, by a combination 
of the two processes. So far as positive struc¬ 
tural evidence indicates, the thrusting process 
was the more effective. 
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The evidence of faulting connected with the 
beginning of volcanic activity is to be found in 
part along faults that are discovered in preced¬ 
ing pages. The most convincing evidence is 
that ufforded by the “ parting,’’ or main fault in 
tin* Opcx mine. This fault has been found to 
extend northward into the Centennial Eureka 
mine, where it bounds the main ore bodies on 
the cast and is known ns the “ enst limit ’ ’ fissure. 
The trend of the fault in the lower Opcx work¬ 
ings is nearly north, but it curves northward and 
upward to nn undulating north-northeast course 
as fur as the 1,300-foot level of the Opcx and 
tlie 1,200-foot level of the Centennial Eureka. 
Its continuity in (he Centennial Eureka is in¬ 
terrupted by one or more cross breaks of south¬ 
ward dip. The principal interruption is noted 
at the cross break on the 1,200-foot level about 
1,800 feet south-southeast of the Centennial 
Eureka shaft. South of this point the fault 
strikes cast of north and dips westward; north 
of it the fault lies about- 150 feet farther west, 
end has a northerly strike anti a vertical dip, 
corresponding with the bedding between the 
1,000 and 300 foot levels. About 1,300 feet 
southeast of the Centennial Eureka shaft, it 
may he again deflected westward and its north¬ 
ward continuation marked by the Rhode Islnnri 
stopc. 

The, trace of this fault is not apparent on the 
surface, because of coincidence with the vorti¬ 
cal bedding, and is only rougldy indicated on 
the map. Its northern part is shown ah out 
900 feet east of the Ccutenninl Eureka shaft, 
where its approximate position is indicated by 
the discordance in the amount of offset along 
the cross faults on each side of it. Farther 
south there is nothing to indicate the fault along 
the surfaee. 

In the lower Opex workings a rhyolite dike 
has been olfset by this fault (the “parting”), 
as shown in figure 13. Here tho east wall of 
the fault has moved northward for 350 to 400 
feet horizontally nud for 200 feet upward. 
The faulting thus took place after the intrusion 
of the rhyolite, and the movement of the east 
wall was away from tho monzonite, whose 
northern contact is not correspondingly faulted. 
As tho only known disturbance that occurred 
during this time was the monzonitc intrusion, 
it is concluded that the fault was due to the 
thrust of the monzonitc magma. 


The interruptions of the fault along the 
southward-dipping cross break indicate that 
the northward, .upward movement shown along 
the “parting” took place also along the south 
wall of the cross break or was distributed 
along two or more parallel cross breaks. 
Aceordiug to this interpretation the parts of 
the cross breaks east of the fault arc com¬ 
pression faults, whereas the parts west of the 
fault have not been compressed but- may even 
have boon opened to some extent. This eon- 
elusion may have some bearing on the fact 
that the large ore bodies’in the Centennial 
Eureka, lie along these cross breaks west of 
tho northerly “cast limit” fnult but do not con¬ 
tinue to the cast of it. The- underground evi- 
dc nee. however, is too meager for this statement 
to be regarded ns more than a suggestion. 

The Emerald-Grand Central fault is marked 
by a displacement similar to that along the 
“parting” or “east limit,” just described, the 
cast wall moving relatively northward. Its 
dip in the Emerald mine is 50°— 70° W., and if 
continuous in this direction should bring it 
very close to, if not into junction with tho 
southernmost exposure of the “parting” on tho 
2,147-foot level of the Opcx. The dip in the 
Grand Central, so far as shown by the few 
exposures, is about (he same as in the Emerald. 
The position of this fault with respect to the 
monzonitc mass, the direction of displacement, 
and its close relation with the “parting” all 
tend to indicate that the faulting was caused by 
the pressure of the monzonite magma. 

On Plate IV is shown a distinct southward 
divergeneo of the sedimentary formations just 
north of Mammoth, all those west of the Opo- 
honga limestone curving westward and those to 
the east curving eastward. The axis of diver¬ 
gence is approximately on aline with the north¬ 
ward-projecting prong of monzonite al the 
Lower Mammoth mine. The structure sug¬ 
gests that the pressure of the intruding mon¬ 
zonite was sufficient to pry tho sedimentary 
rocks apart. If this was so, the easterly faults 
just north of Robinson may represent, wholly 
or in part, dislocations caused by the westward 
llirust, rather than those formed as the result of 
folding. This movement evidently preceded 
that along the Emerald-Grand Central fault, 
though both were closely related. 
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The intrusion of the. Swanson rhvoluo may opposite sides of the fault, arc about equal, 
also have, exerted a prying effort, and it is note- I lore the upper bods of (lie Bluebell dolomite on 
worthy that no inclusions of quartzite or lime- the south are opposite the upper beds of the 
stone have been found in it, hut its position and Pine Canyon limestone, indicating a vertical 
contacts have been so changed by faulting displacement of at least 1,000 mid perhaps ns 
caused by the monzonite intrusion (p. SO) much ns 1,500 feet. Some of this movement., as 
that its influence, on the structure of the srdi- already suggested, may have taken place during 
mentnry rocks is practically obliterated, the period of settling previous to any volcanic 

The great Mhmmoth-Nort hern Spy fault zone eruptions, hut the great amount of vertical up- 
is believed to be due, at least in part, to the I lift on the same side of the fault as the monzo- 
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thrust of the monzonite magma. The dis- nite and the fact that the monzonitc underlies a 
placement, along this fault zone is marked by a. great part of the uplifted block strongly suggest, 
relative rise of the south wall, sufficient to bring that the fault was due to the thrust of the rising 
the nearly flat beds in the trough of the synch no monzonite magma. The numerous limestone 
up to the level of the nearly vertical beds of the inclusions in the monzonitc along the southwest 
west limb. (Sec PI. V.) The apparent groat edge of this block show that after the block had 
horizontal offset along this fault is due chiefly to been raised it underwent, partial replacement, 
these differences in dip. The actual .vertical through stoping, by the.still fluid monzonite. 
displacement is best expressed along the slope Some of the large inclusions near the contact 
near the Northern Spy shaft, where the dips on may be eroded roof pendants, but others, espe- 
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large quartzite inclusions, hut 200 Icet lower. 
It may he argued that the quartzite, being 
lighLer than the monzonite, was floated up¬ 
ward in the lava, while the heavier limestone 
blocks sank; hut it is impossible to explain 
tin 1 marked separation of. the quartzite aud 
or to closely associated faults, but their con- limestone, in this way, for blocks of the qunrtz- 
tnets ure too completely hidden by debris to ite, which everywhere underlay the limestone, 


ciiilly those found underground and not on the 
surface, have been completely detached by the 
magma. 

The discordant relations between the, Pack¬ 
ard rhyolite and the lathe-andesite series east of 
the Northern Spy shaft may he due to this fault 


permit any more positive statement. 

The northeast faults around Mammoth may 


should have also been floated up among the 
exposed limestone blocks, and other limestone 


have been due, wholly or in part, to the nionzo- blocks should have settled among the 
niteintrusion, hut convincing evidence islnoking. 

Another block that appears to have been 
first upiaulted and then largely destroyed hy 
the monzonite magma includes the. main body 


E. 



ex¬ 
posed quartzite blocks. If it is contended 
that the limestone blocks were too large and 
too numerous to allow underlying quartzite 
blocks to rise among them, it must also be 
explained why the limestone, 
blocks west of a certain line 
all sank below the present 
surface and below the 
quurtzitc inclusions, leaving 
no trae-e of their exist enec, 
while the blocks east of 
that lino have sunk little, if 
any. The difficulty is les¬ 
sened by assuming that 
the line between the Lime¬ 
stone and quartzite inclu¬ 
sions wus a fault with 
upward and westward dis¬ 
placement on its west side, 
as shown in figure 14. The 
upward displacement, along 
this fault can be roughly cs- 


FUJI' nK i 1.—4)rnoraHfc*! n*cUou ohovrlng fUgRcrtcd foull in# oftor ttn> intrusion of I bn Swauv i 
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of Swansea rhyolite and the associated quartz¬ 
ite in tho lower port of Mammoth Gulch. 
The suggested lines of faulting arc one nearly 
due cast, connecting the north end of the main 
rhyolite mass with the south end of the small 


timated by comparing the 
position of the quartzite, in¬ 
clusions with a restored 
section of the sedimentary 
rocks, as in Plate V, section C-C'. It must 


have been, according to tliis section, at least 
1,200 feet. According to figure 14, in which 
more, factors are considered, it may have been 
ns much os 4,000 foot. The westward coin¬ 
body southeast of Pohinson, as indicated iu'ponont of displacement is indicated in Plate 
Plate IV; also a northerly line in the present' V by the distance between tho west boundaries 
monzonite area, passing between the quartzite | of the main mass of Swansea rhyolite and the 

small body southeast, of Robinson. The fact 
that the faulting was later than the rhyolite 
but was largely obliterated by the monzonite 
indicates that it was contemporaneous with 
the rising of tho monzonite magma. The pres- 


induslmls on the west and the limestone in 
elusions on the east, The easternmost quartz¬ 
ite inclusions are rather sharply separated 
from those ol limestone along this northerly 
line. Furthermore, the tunnel entering the 
monzonite south of Robinson (PI. IV) extends 
for most of its length through largo blocks of 
metftinorplue limestone which lie just east of 


out inclusions of quartzite may bo in. part roof 
pendant's, or blocks stoped from the bottom of 
the uplifted block. 
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Another fault that was formed mid laler 
almost completely obliterated by the moo- 
zonite intrusion is suggested by the quartzite 
inclusions just north of tlic Martha Washing¬ 
ton shaft and those southwest of the Sunbeam 
shaft. The inclusion near the Martha Wash¬ 
ington shaft should, if the sedimentary rocks 
were restored, he at least 2,000 feet below the 
present surface, and its position close to the 
eastern edge of the clearly intrusive monzonite 
does not favor the view that it was floated 
upward that amount. The absence of lime¬ 
stone inclusions west or southwest of this place 
is also striking, and the combined evidence sug¬ 
gests that an easterly fault may have been 
formed by the intruding monzonite a short 
disttir.ee north of the Martha Washington shaft 
and the block south of it thrust upward. If 
this was so, the uplifted block was later dis¬ 
placed or stoped away by the monzonite, and 
ail that remains of it to-day is the small num¬ 
ber of inclusions, mostly of quartzite but 
one of Swansea rhyolite. 

The only evidence of possible displacement 
accompanying rhyolite eruptions consists of 
the easterly faults in and northwest of the upper 
part of Jenny Liud Canyon. The north walls 
of these faults have been relatively moved up¬ 
ward to the west, and their positions with re¬ 
spect. to Packard Peak suggest that blocks may 
have been tlirust upward and outward from the 
rhyolite vent. The evidence is so obscure, 
however, that nothing more than this mere 
suggestion is warranted. The width of the 
Swansea rhyolite and the absence of inclusions 
within it suggest that some faulting may have 
been caused by its intrusion, but nil data on 
the problem are concealed by alluvium or have 
been destroyed by the effects of the monzonite 
intrusion. 

METHOD OF MONZONITE INTRUSION. 

The foregoing descriptions give some indica¬ 
tion of the method of the monzonite intrusion 
after the magma had rise.u within a few thou¬ 
sand feet of the present surface, or to a point 
where the strength of the overlying formations 
was insufficient to withstand the upward pres¬ 
sure of the inngmu. As shown by the tnnp 
(PI. IV), there was evidently some pl ying apart 
of the older rocks, either by the Swansea rhyo¬ 
lite or by tho monzonite, but the opening for 
the monzonite magma was made principally by 


faulting. Large blocks of the promonzouite 
rocks were pushed upward and outward from 
the central part of the present monzonito area, 
and openings may well have been formed 
through which tho magma reached the surface 
and added surface flows to the great lat ite- 
11 ndosite series. After pressure against tho 
rising magma had been relieved in this way 
the magma continued to enlarge its chamber 
upward by displacing or sloping blocks of 
limestone, quartzite, and, probably iii small 
part, Swansea rhyolite. The sloping process, 
as shown in Plate V, was of considerable ex¬ 
tent but does not seem to have had ns great an 
effect as the faulting which preceded it. 

It is taken for granted in the preceding dis¬ 
cussion and in the discussion of differentiation 
that the quartzite cud limestone inclusions in. 
the. monzonite sank in the magma, or at least 
did not rise to any apprecinblo extent. As 
there is much skepticism regarding the possi¬ 
bility of a rock as light ns quartzite sinking in a 
magma as heavy as that of monzonite, a short 
discussion of the question is pertinent. So far 
as field evidence is concerned, the principal 
difficulty with the assumption that t he quartzite 
blocks rose from great, depths is (heir marked 
localization with respect to those of limestone, 
as shown on page 8b and on Plate IV. Tho 
interpretation just given of faulting upwunl 
and outward from tho center of intrusion and 
the subsequent sloping of fragments from the 
fault blocks avoids this difficulty. 

The question of relative spocific gravity of 
sedimentary and igneous rocks has been con¬ 
sidered by Daly, 1 who quotes figures based on 
experiments by Dougins, Delessc, and Barns, 
showing the specific gravity of different igneous 
rocks and of their corresponding glasses or 
melts at different teraperaturea. Daly also 
shows the actual and calculated specific grav¬ 
ities of sedimentary rocks at corresponding 
temperatures. Tho specific gravity of the 
monzonite, Tintic quartzite, Herkimer lime¬ 
stone, and Bluebird dolomito, determined by 
George. Steiger, is given in the first column 
of the table on page S8. The figures in the other 
three columns, estimated by comparison with 
corresponding figures quoted by Daly, indicate 
the specific gravity at high temperatures ut 
vjnch the monzonite was still fluid. 

i Daly, R. A., Tho rowhiolra of Intrusion, third pjjwr: Am. 

Jour. Sol., Ith ser., voL 24 , i>p. 27 -a, lifts. 
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■Speci/ic gravity of monzoniu and udimentarg rock» (it room 
Ump&atw'c and high Urnpoatwa. 



Room 
tem¬ 
po ru- 
iurc. 

1,000° 

0. 

1,100° 

C. 

1,200“ 

and 

1,300“ 

C. 

Horn blende-Motile man- 





zonite (probably affect¬ 
ed by pneumalotylic 


2.33 1 

2. 37 

2.36 

action). 

2. 659 

Angite monzonite (unul- 





tered). 

2.729 

2. to 

2.-H 

2. 13 

Tintic quartzite. 

2.638 

2. 30+ 

(“) 

2.56 

Herkimer limestone. 

2.696 

2.01 + 

( a 

2.01 

Bluebird dolomite. 

2.832 

2. 7-1 + 


2.7-1 


n 4'>»A[):iratIve <3aio fur lliU column am not fllvcn In Daly's UihVi, 


According to these figures, only the dolomite 
is heavier than the unaltered monzonitc at 
room temperature, but. all the sedimentary 
rocks, including the light quartzite, are dis¬ 
tinctly heavier than the roonzonite at high 
temperatures. The accuracy of these figures 
may of course he open to question, because of 
the difficulty in preventing the escape of 
occluded gases.in the rocks at high tempera¬ 
ture. Inaccuracy due to that cause, however, 
would tend to render the figures for all the 
rocks too high, rather than too low. Further¬ 
more, the amount of contact mctainorphLsm 
and pneumatoljdic action associated with the 
monzonitc, though not uuusnn Uy great, is 
sufficient to show that considerable volatile 
matter was present in the monzonitc magma 
and this would also render the actual specific 
gravity of the magma los3 than the calculated 
gravity given iu the table. The experimental 
data therefore agree, so far as they go, with 
the facts observed iu the field and favor the 
conclusion that the quartzite ns weil as the 
limestone inclusions may have sunk in the 
magma or at least did not rise to any appre¬ 
ciable extent. 

FAULTS OR FISSURES FORMED SHORTLY AFTER VOL¬ 
CANIC ACTIVITY. 

The general trend of fissures in the mon- 
zonito is north-northeast to northeast, parallel¬ 
ing the long axis of the monzqnitc muss. The 
chief mineralized fissure in the Swansea rhvo- 
lite trends north to N. 15° W. f but this too 
parallels the contact between monzonitc and 
rhyolite. The main fissures aro in places 
hnked directly together, and a few of them 
are connected by cross fissures of northwest 


or northeast trends. The two principal fis¬ 
sure zones along the east boundary of the 
exposed mon/.onito have an average trend of 
X. 20° E. and continue in the metamorphic 
limestone as far as the great easterly fault 
at the Northern Spy. Here they connect 
with the two northerly mineralized fissures 
that lie in and a little west of the synclinal 
axis. 

Tho arrangement of the fissures in and near 
the Silver City stock of monzonitc is such as 
might be expected to result from contraction 
during the cooling of the mouzonite. Under 
such conditions fissures would develop gen¬ 
erally parallel to and normal to the cooling 
surfaces, both within tho cooling mass and in 
the surrounding rocks. Oblique fissures also 
might be formed, especially in the central 
portion of the cooling mass, toward which suc¬ 
cessive zones of contraction would become more 
andmorc circular hi outline. Several systems of 
fracturing might result, all formed at approxi¬ 
mately the same. time. Curved fissures might 
result, where the cooling surface was curved, 
or where one fissure in forming approached 
another formed at the same time or even 
somewhat earlier. The direct linking to¬ 
gether of nearly parallel fissures and the dying 
out of two nearly parallel fissures on opposite 
sides of u. connecting cross fissure are also 
results to be expected from such contraction. 
It is true that some or all of these relations 
may. be effected by other forces, such as ex¬ 
pansion on rebel’ of compression and folding; 
but in the Tintic district folding (compres¬ 
sion) and subsequent-expansion stresses clearly 
preceded the eruption of the -igneous rocks. 
Tho ouly forces active since the monzonite 
intrusion have been contraction due to cooling 
and the stresses that produced the Has in 
Ranges. The faults that, border these ranges, 
however, are marked by valleys, are as a whole 
distinctly later than the volcanic, eruptive 
period, and in some districts of Utah at. loost 
appear to be distinctly later thun the period 
o' ore deposition; whereas the fissures in and 
around the monzonitc arc mineralized and are 
quite independent of the topography. 

'Hie contraction of the monzonite into a 
number of detached blocks or slabs parallel 
to the long axis of the area would necessitate 
subsequent settling accompanied by more or 
less faulting, but no faulting cf very great. 
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displacement. If the isostatic readjust men l 
(p. 83) that followed folding was still in prog¬ 
ress, after the consolidation of the monzonite, 
it couhl serve to increase any faulting in the 
monzonite and perhaps could he suggested as 
a strong factor in determining the directions 
of the. main fissures. Such settling would tend 
to close certain of the fissures and to open 
others, and the latter would become the 
channels along which ore-forming solutions 
could ascend. 

Tho same contraction would affect- the meta- 
morphic limestone and might extend some dis¬ 
tance beyond the metamorphic zone in the 
overlying limestone. Additional settling and 
Assuring, to compensate for the vast quanti¬ 
ties of rhyolite and latite transferred from the 
magma chamber to the surface, would take 
place in the quartzite-limestone area. Many 
of the postvoleanic fissures, including probably 
those along the synclinal axis, would doubtless 
coincide with older fissures, but some of thorn 
appear independent, as may be the case with 
the mineralized fissures in the Mammoth-Grand 
Central ore zone, which, although closely con¬ 
nected with the Emerald-Grand Central fault 
zone, trend as a whole across it. 

The postvoleanic mineralized fissures in the 
limestone very commonly curve from their reg¬ 
ular courses where they approach older cross 
fissures, and their continuations beyond tho 
cross fissures are not in hue and may follow 
different trends. This feature, which has pro¬ 
duced deflections in the trends of several ore 
bodies, is noted in several of the mine descrip¬ 
tions. It is rather common for n single fissure 
on one side of a cross break to bo followed by 
two parallel fissures on the opposite side, and 
at sucl. junctions with cross breaks the best ore 
shoots are likely to be. found. Tne formation 
of the postvoleanic fissures was accompanied by 
considerable shattering, especially at and near 
their junctions with cross breaks; hut as they 
are mostly parallel or nearly parallel to steeply 
dipping or vertical strata the amount of dis¬ 
placement along them is nowhere known to be 
very great. 

Several dikes of monzonite porphyry in the 
Iron Blossom No. I mine appear to he faulted, 
and tho contacts between the limestone and 
the main porphyry mass on levels No. 2 aud 
No. 7 of this mine show some indications of 
faulting. A monzonite porphyry dike on the 


•180-foot, level of the Iron Blossom No. 3 also 
appears to be faulted. It is not known whether 
these possible faults antedate or postdate 
mineralization. 

The postvoleanic lissuring lasted over a con¬ 
siderable period, as might bo expected in a 
slowly cooling volcanic region. Along some 
fissures that had been or were being mineralized 
there was renewed movement., causing a shat¬ 
tering and subsequent recomeuting of the. ore. 

FAULTS DISTINCTLY LATER THAN M1NERAUL2ATION, 

It is very prohahlo that the postvoleanic. fis- 
suring continued intermittently offer minerali¬ 
zation aud overlapped the Basin Range fault¬ 
ing, which is still going on in some parts of 
Utah. The ago relation of Basin Range fault¬ 
ing to oro deposition is not clear, especially in 
the Tintic district, where there is little oppor¬ 
tunity to prove Busin Range faulting and where 
the ore bodies hove undergone very little dis¬ 
placement. 

Two small offsets wore noted in the Swansea 
vein during tho earlier survey. (Sco p. 2oo.) 
A post mineral fault was noted during tho recent 
survey in the Colorado mine 400 foot, north of 
shaft No. 1, where tho oro body is crossed by a 
breccintiul zone with apparent, downfuulting 
on its north side. Post mineral sliekonsidcs 
were seen along the “east limit” and soveral 
parallel north-south walls in the South Carolina 
stopc. of tho Centennial Eureka mine and in the 
principal cross breaks of tho same miue. Simi¬ 
lar evidence of postraiueral disturbance was 
noted in the gold stopo of the Victoria mine and 
along tho largo breccinted zone called “the 
dike” in the Mammoth mine; but no great 
displacement couhl bo proved at any of these 
places. 

Tho one recognized Basin Range fault zone 
in the East Tintic district is mentioned in 
the descriptions of topography and of the vol¬ 
canic rocks (pp. 16,44, and 46). It lies along tho 
valley that extends north-northeastward from 
Silver Pass nnd is marked by a series of step 
faults that have raised the base of the' Pack¬ 
ard rhyolite from the level of the valley up to 
the crest of tho ridge. The topography of tho 
district suggests other possible. Busin Range 
faults, hut none have yet. been confirmed by 
structural evidence. Topography, however, 
can not everywhere bo accepted as a criterion 
of recent faulting, for the prominent Eureka 
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and Mammoth gulches are associated only 
with faults formed before the period of ore 
deposition. 

SUMMARY OF FAULTING. 

Faulting in the Tintic district took place 
during five periods—(I) during folding, (2) 
after folding but before volcanic activity, 
(3) during volcanic activity, (4) soon after 
volcanic activity but before mineralization, 
and (5) distinctly later than mineralization. 
These periods were not all sharply separated 
from one another, and movements along 
some faults are known to have taken place 
during more than one period. 

1. Tho earliest faults recognized are prin¬ 
cipally compression faults formed by the fold¬ 
ing forces after tho shapes of the folds hud 
been determined. They include local over- 
thrusts and accessory easterly faults along t he 
quartzite and shale contact, and throe or more 
strong northeast and two northwest faults in 
the limestone area. The shale was so flexible 
that, with one exception, hone of the faults 
crossed from limestone into quartzite. The 
movement of blocks along all these faults 
appears to have been generally eastward, 
involving a considerable horizontal and some 
upward displacement. Northerly faults also 
wero probably formed but'can not be distin¬ 
guished on the surface. A number of easterly 
faults in the limestone were also formed, 1 
siana Accessory to the northeast faults and 
others more closely connected with eastward 
bulges in tho quartzite. 

2. After the period of folding the tendency 
of the rocks, now relieved from compression, 
to reexpnnd, a gradual loss of frictional heat, 
and a gradual isostatic readjustment all eon- ! 
tribute*! to the development, of tensional or 
normal faults. The faulting took jdaee chiefly j 
in northerly and easterly directions and was 
marked by the settling of remain blocks and 
the tilting and convergence or divergence of 
adjacent blocks. Such faults can l>o proved ’ 
only where exposures am abundant and other¬ 
wise favorable for their detection, as in the 
area southwest and north of Eureka Peak: 
but there is no reasonable doubt that they are 
prevalent throughout the district. 

3. The network of faults already formed 
and ihe general settling along them gave con¬ 
ditions favorable to volcanic eruption. The 


pressure that forced up the lava columns, 
besides prying apart t he strata to some extent 
just north of Mammoth Gulch, was sufficient . 
to cause further movemont along existing 
faults as well as to produce now faults. Some 
of the displacements that may be ntuibuted 
to this cause are marked by upward movement 
of blocks nearest the igneous bodies—for in¬ 
stance, the Sioux-Ajax fault and the obscure 
faults south and southwest of Robinson; 
others are marked by the more nearly hori¬ 
zontal movement of a block away from the 
intruding raonzonito magma—for instance, the 
“parting” or “east limit” fault in the Opox 
and Centennial Eureka mines aud the Eir.erold- 
Grand Central fault. The monzonite. intrusion 
was also brought about in part by tho sloping 
away of the upfaulled blocks, but sloping ns 
a visible process of intrusion was subordinate 
to faulting, 

4. More Assuring or faulting took place after 
the cessation of volcanic eruptions ami affected ' 
both igneous and sedimentary rocks. It is 
attributed in part to contraction of tho igneous 
rocks, especially the monzonite, ami to the 
general recooling of all the rocks in the dis¬ 
trict; also to further settling movements to 
compensate for the great amount of lava 
poured out upon the surface, ns well os to the 
isostatic readjustment that may have been 
goiug on ever since the cessation of folding. 
No faults of great displacement, are known to 
have been formed at. this time. Tho develop¬ 
ment of new open fissures, however, as well 
as the reopening of older faults, had a largo 
influence in determining the courses of tho 
mineralizing solutions, whoso period of activity 
is believed to have followed shortly nfter that, 
of the monzonite intrusion. 

5. The final period of Assuring or faulting 
was that in which the Basin Ranges wero 
developed. This period can not be sharply 
separated from that next preceding, aud move¬ 
ment is known to bo still in progress in some 
parts of Utah. Some of the Tintic ore bodies 
are cut by postmineral movements along 
older faults, and at a few places ore bodies 
have been clearly displaced; but. ut none of 
these places' has the amount of faulting been 
great enough to interfere seriously with the 
following of ore bodies. At least ono fault 
of the Basin Range type is known to exist 
within, the Tintic quadrangle. 
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ROCK AI.TF.RATION. 

PERIODS. 

There wore three periods of rock alteration 
in the Tin tic district—one before volcanic 
activity, one during and immediately after 
volcanic activity, and one distinctly later than 
volcanic activity and extending down to the 
present. It is advisable !<• discriminate be¬ 
tween the effects of the different periods in 
order that the particular alteration associated 
with ore deposition may he distinguished 
from other kinds of no economic significance. 
Not. every variety of rock alteration is an 
indication of ore. 

ALTERATION BEFORE VOLCANIC ACTIVITY 

Alteration before volcanic activity includes 
the-formation of chert louses, dolomitizntion. 
possible minor sericitization of shale during 
the folding stage, and surface weathering. 

CHERT J.EVSBH 

Chert lenses and nodules are prominent at 
three distinct horizons—in the Ajax limestone, 
in a small part, of the Bluebell dolomite, and in 
the Pine Canyon limestone. They arc m no 
way an indication of ore, although the chert 
on fresh fracture is very similar to the fine re¬ 
placement. quartz in the siliceous ore deposits. 
The silica in tho chert was deposited as part of 
the original roes, in the form of microscopic 
shells or sponge spicules, and was la tor con¬ 
centrated into concretions or nodules along tho 
bedding planes. Where tho supply of silica 
was relatively abundant, nodules grew to a 
considerable size, and in many places two or 
more nodules wore united into more or less 
lonslike forms. In the Pine Canyon limestone 
eherty beds lio abovo and below the coarse¬ 
grained limestone that has been so extensively 
replaced by ore; but. the denso eherty beds, 
wlicro they are in contact with the ore, form 
tho impervious walls or roof of the slope and 
are not themselves appreciably mineralized. 
Furthermore, the. chert, is just as abundant in 
outcrops remote from ore as in tho immediate 
walls of stopes. It is not impossible for ore to 
form in the eherty beds, but they uro far less 
Likely to carry ore than tho coarse-grained 
nonoherty limestone. Another indication that 
the chert is not a sign of ore deposition may be 
seen in tho silicificd outcrops east of the Black 
Jack iron mine, where quartz hus completely 


replaced the Ajax limestone, with the excep¬ 
tion of the chert lenses and nodules, which 
hnvo undergone brecciation but are still 
recognizable. The silicilieation of fossils in 
the Gardner dolomite and later hods is be¬ 
lieved to have been contemporaneous with the 
development of the chert louses. 

noi.o mitization. 

Dolomite, as shown in the descriptions on 
pages 2S-40, is almost wholly confined to rather 
fine-grained crystalline bods, most of them 
showing fossil remnants and some of them 

I u ... . 

cross-bedding. It is not limited to any special 
horizons of the sedimentary series but occurs 
throughout the series in contact, with denso 
and shuly argillaceous limestones. Tho chem¬ 
ical composition varies with the texture of tho 
rock. Tho presence of fossil fragments con¬ 
verted partly or wholly into dolomito is proof 
that the dolomite is secondary after caleite. 
The crystalline texture may also bo secondary, 
due to tho crystallization of dolomito after 
limestone, hut tho cross-bedding ami the size 
of the fossil fragments show that the original 
sediment was of relatively arenaceous and 
porous character (“calcarenito”) in com¬ 
parison with tho dense argillaceous limestones 
(“calcilutitos"), which may bo nptly termed 
consolidated impure limestone muds. The 
distribution of dolomite has no relation to de¬ 
gree of folding, to any kind of fracturing, or t o 
ore deposition. An apparent exception may 
be the occurrence* of veins and impregnations 
of white to pink dolomite spar, but three arc 
distinct from the dolomite beds, arc limited to 
the zone of mineralization, are found in dolo¬ 
mites and argillaceous limestones alike, and. 
are clearly of later origin and contemporaneous 
with the oro deposits. Tho fact that, u cer¬ 
tain bed of the sedimentary formations is 
dolomite has no bearing on tho occurrence of 
ore. Some of the dolomite, where attacked 
by ore-forming solutions in favorably fissilred 
portions, has been replaced by ore, but the 
bed that contains ore in one mine may be 
barren in another. 

Dolomitization evidently took place before 
folding and (injuring and may have extended 
through nil indefinite period from the time of 
deposition of tho original limestone to the lime 
of intense folding. The process evidently con¬ 
sisted of the submarine leaching of-calcium 
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curbonate prior to consolidation, or of the 
replacement of the more permeable limestone 
beds on the sea bottom bv magnesia suits dis¬ 
solved in tlie sea water, or perhaps ol both. 
The problem of dolomitization has been re¬ 
cently reviewed by Stcidtmunn/ who cites 
1 foghorn’s studies, 2 which proved that cal¬ 
cium carbonate may he rapidly leached and 
any small amount, of magnesium carbonate 
relatively concentrated. Stcidtmann further 
points out that continual depletion of the cal¬ 
cium content of sen water by marine organisms 
tends to make solid (already deposited) cal¬ 
cium carbonate more out of equilibrium with 
sea water than magnesium carbonate, with the 
result that the deposited calcium carbonate 
■tends to rcdissolve and the magnesium car¬ 
bonate to become proportionately concen¬ 
trated. Ho adds that if river waters of early 
Paleozoic time, by draining pre-Cambrian 
lands composed chiefly of granites and other 
rocks in which tho ratio of magnesia to lime is 
relatively high, brought a much smaller propor¬ 
tion of calcium carbonate into the sea than is 
brought to-day tho leaching of calcium car- 
bonato by sea water must have been intensi¬ 
fied. In regard to tho replacement of calcium 
by magnesium in tho sea, be cites articles by 
J. D. Dana, Brunner, Sko.ats, and Judd, all 
clearly showing a replacement, of the calcium in 
coral reefs by varying amounts of magnesium, 
and points out that the state in wliich the cal¬ 
cium exists, as well as tho composition of the 
sea water, may influence tho degree of change. 
Thus calcium carbonate, if crystallized as the 
less stable aragonite, which largely constitutes 
corul secretions, may be more easily replaced 
"than if crystallized ns the more stable form 
colcite. Again if the aca water is relatively 
high in magnesium salts (chloride, sulphate, or 
carbonate), the conditions will be more favor- 
abb; to replacement of calcium carbonate by 
magnesium, which will augment the leaching of 
calcium already mentioned. 

In the Tinlic district from early Middle Cam¬ 
brian until at least tho end of Ordo\ ician time 
limestones were being deposited, while sand¬ 
stones and shales were forming nearer the shore 
lino on the cast. The rocks that furnished 
the sediments were pre-Cambrian granites, 

' Sli'fvlllruinn, Edward, TLA tmltiliuu of III rslui uiul dolomite: 
Jour, Utoiogf, vol, 19, jip. is; -.ii', mu. 

* ll&ibom, A. Cl., Ucl- r Dol.mllMl.limi; mid drluniUl.veha Kaknr. 
ianumen: News liihrb., IsM, 1‘nnd l,pp. 3eJ-3?l. 


gneisses, schists, slates, and quartzites, and dis¬ 
solved materials supplied from them to the 
Cambrian sen must therefore have been rela¬ 
tively high in magnesia. At the same time 
marine animals :l were to some extent depleting 
the sea water of dissolved calcium, thus render¬ 
ing conditions still rnoro favorable for dolo- 
milization. The more porous deposits on the 
sea bottom were permeated by the sea water, 
with its dissolved magnesian suits, and replace¬ 
ment or dolomitizulion was gradually accom¬ 
plished, but the impervious beds of limestone 
mud were not appreciably affected and retained 
t.heir original composition. As these beds, 
where interbed fled with dolomite, are not thick 
or continuous over extensive areas, they did 
not form barriers to prevent the circulation of 
water in underlying porous strata, and tiie pro- 
cess of dolomitization may have continued 
during a long interval of time, approaching 
nearer to completion than would have been 
possible if the impervious beds had been tliickcr 
and more extensive. It is noteworthy in this 
connection that the Ajax limestone, lying just 
below the argillaceous Opohonga limestone, is 
less dolomitic than the formations below it, 
which, are not, interrupted by any extensive 
impervious strata. Analysis of a specimen 
from a coarse-grained bed near the top of the 
Ajax gave 52.34 per cent CaO and only 0.60 
per cent MgO. 

During the pre-Mississippi an land intervals 
percolating ground waters may have con¬ 
tributed to tlie process of dolomitization, but 
there is at present no evidence, positive or 
negative, on this point. 

The early Mississippian strata, thoso of the 
Gardner dolomite, were doubtless derived to 
some extent from the dolomitized Cambrian 
and Ordovician formations and may, to some 
extent, represent, consolidated dolomitic sand; 
but in general they show the same relations 
between texture and composition as the 
Cambrian beds, and dolomitic composition 
therefore seems to be for the most part a sec¬ 
ondary rather Ilian a primary character. 
Fossils are larger and more conspicuous in 
these beds, and marine life may have had a 
correspondingly greater influence, in promoting 

* Catnbrbm lovnls, sHhoucb sane to tlie Tinlic distent, oru numerous 
in ll,r nouse Rnrt#e and FlbrJcsmiUi Fork sections. Their icorully in 
I' 1 -' Tlnlir district njy well W attributed to obliteration by Iho develop, 
lnvot ol comperadoii cL-.utu.ii nod by lha tvoyabtlllfiitlou that ntvouv- 
yonlcd dolouuLiza, ton. 
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doloinitizntion than it did in Cumbrian time. 
The presence of the coarse-grained non magne¬ 
sian beds m the Pine Canyon limestone may 
appear too great an exception to prove the 
rule: these beds, however, not only alternate 
with dense impure beds but are overlain by 
the Humbug formation, which is composed 
largely of dense argillaceous limestone ar.d 
shale iind which where entire is from 3,000 to 
6,000 feet or more thick. Their mmmagnesinn 
ehnrneter, therefore, accords with the hypothe¬ 
sis offered. Ii is quite possible flint this 
thick and extensive formation was sullieient to 
cut off submarine cireulatinn before the under¬ 
lying porous hods could ho appreciably dolomi- 
tized. Jf it was, the dolomitizntion, as already 
suggested, was n slow process, effected by the 
circulat ion of sea water through porous calcare¬ 
ous sediments, and continued to completion 
only when submarine circulation was not 
stopped by deposition of material tlmt made 
a thick ami extensive impervious formation. 

Since the foregoing discussion was written 
Blackwelder 1 has suggested that the origin 
of the Bighorn dolomite may be due to the 
influence of calcareous algae. As there are 
soino points of resemblance between the Big¬ 
horn dolomite and the dolomites of the Tin tic 
district, Black welder's hypothesis may apply 
to a greater or less extent here and supplement 
the explanation already offered. 

SBHlCmZATlOS AND OTHER CHANCES DHHI.VC FOLDING. 

The Cambrian shale or slate contains a 
conspicuous quantity of fine mica of sericitic 
appearance. Tiiis may be an original con¬ 
stituent derived from eroded pre-Cambrian 
schists and gneisses, but the original structure 
and texture of the rock at Tintio arc so thor- 
onglily obliterated by slaty cleavage and 
perhaps by reerysfcallization that the presence 
of original mica can not be readily proved. 
The mica scales now present are arranged 
parallel to the slaty cleavage—undoubtedly 
a secondary position; but whether they are 
the original fine mica rearranged or are of 
metiimorpliic origin, derived by the recrys- 
tallizution of impure cloy, can not be. deter¬ 
mined. In all probability both possibilities 
have in part been realized. This secondary 

« BUcfcweMtr, Eliot, Origin of ‘J» Bighorn dotouiilo: O -al 
Anuriit Bull., vol. 24, pp. IW7-MI, 191.1: A fully oxJVMod rrofofciilrAiwri.i 
lilirtio <f) Id tli« kfilidio Cambrian of lbe Tulon Mountains: Am. J«»r. 
tfcl., 4 th *cr., vol. 3 U, pp. l»li 


sericitic mica in the slate, as well ns along 
slickensided seams in the adjacent quartzite, is 
distinct in origin and significance from the 
sericite so extensively developed in the igneous 
rocks and bears no relation to ore deposition. 
The slate contains more mica than any other 
rock in the district, but, owing to its imper¬ 
vious character and the general absence in it 
of strong, continuous fissures, it is the most 
unlikely of all the rocks to contain bodies of 
ore in the Tin tic district. In the Bast Titilic 
district, however, these same features, together 
with the nearly horizontal position of the 
strata, have served to concentrate ore minerals 
along the base of the shale, and where strong 
fissures cross the shale its less impervious beds 
and intercalated limestone lenses may he eon-* 
sidcrably replaced. 

Fine grains of pyritc in small quantity may 
he present in the shale in the Tintie district, but 
these may have crystallized during or at the 
end of the period of folding and may have been 
derived from iron sulpiride originally present 
in the rock rather than from infiltration of the 
ore-forming solutions. These products of re- 
crystallization in the easily yielding slate during 
folding are not duplicated to any extent in the 
resistant quartzite, limestone, or dolomite, 
which instead underwent fracturing, shattering, 
and to some extent recementation of fractures 
by films of quartz, ealcile, or dolomite. Quartz 
is the chief fracture filling iu the quartzite, 
and the carbonates in the limestone and dolo¬ 
mite, but some fractures iu the latter rocks, 
especially where silicified fossils and .chert 
lenses arc present, are filled with thin films 
of silica. 

CHS VOLCANIC WEATHERTNU. 

The contacts between the effusive rocks and 
the sedimentary rocks show conclusively that 
tlm prevolcanic surface in the Tintie district 
was characterized by mountainous slopes as 
steep ns those of to-day, if not steeper. Such a 
topography implies weathering to a pronounced 
degree, involving solution along certain lime¬ 
stone fractures, the development of eaves, and 
tho accumulation of kaolin with any other in- 
soluble materials from tho less pure beds. Ka¬ 
olin of such origin may have accumulated es¬ 
pecially along fault fissures, where crushed and 
shattered limestone could most- easily be re¬ 
moved by downward-circulating waters, and 
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the kuolin deposits, having accumulated, may 
later have served as barriers to the circulation o£ | 
ore-forming solutions, thus accounting lor ore 
bodies that end abruptly against fissures of pre- | 
mineral age. The effects of pre volcanic weath¬ 
ering are no different in kind from t hose of post- i 
volcanic weathering, and there is no means of 
distinguishing between the two. Tims, where 
a cave is found, it can not be determined 1 
whether the cave was formed wholly before or 
since tho volcanic period, or partly before and 
partly since. Kaolin-filled fissures appear the . 
samo, whether they were developed before or | 
alter the volcanic period or partly both. Al¬ 
though the deposits of the two periods of went h- 
cring can not he distinguished, their existence 
should bo borno in mind in underground work, 
whore, in case un ore body ends abruptly against 
a kaolinized or a tight fissure, it is necessary to 
ascertain whether the ore has been merely offset, 
by a lute fault or has boon stopped by an older i 
impervious break. The imperviousnoss of j 
some breaks may bo due to the earlier accumu¬ 
lation of kaolin; that of others may be due to 
premineral faulting which has brought an easily 
replaceable bod of limestono opposite a rela¬ 
tively iionreplacenblo bed. 

ALTERATION DURING AND IMMEDIATELY AFTER 
VOLCANIC ACTIVITY. 


bunded. None of its minerals can be identified 
without tho microscope. In thin sections the 
principal minerals, named in ( lie order of abun-. 
dance, are very fine muscovite (se.rieite), chlo¬ 
rite (pennine), quartz, zoisitc, and magnetite. 
The muscovite and chlorite form a mat more or 
less interrupted by linear aggregates of quartz, 
which appear to preserve flic original sedimen¬ 
tary structure. Zoisitc* is irregularly distrib¬ 
uted in single hypnutomorphic crystals and in 
diverging aggregates mixed with quartz. The 
magnetite forms small grains scattered t lirough- 
out the section, but more abundant near and in 
the zoisite-quartz areas. These minerals show 
the rock to be high in Si0 2 and A1 3 0., and to con¬ 
tain considerable MgO, CaO, and K.O and a 
small percentage of iron oxides. 'Plus compo¬ 
sition is near that of a limy shale or shaly lime¬ 
stone. Metnmorphism caused the expulsion of 
carbon dioxide, from the calcite originally pres¬ 
ent, the lime being left to unite with nlumina 
and silica in the sediment and with water from 
the magma to form zoisito. There is nothing 
which definitely indicates the addition of any 
material from the magma besides wa ter. The 
chlorite may be an alteration of mctamorphic 
biotite, but it is so fine grained that its origin 
can not be definitely determined. 

CONTACT MKTA MOUTH ISM OF LIMESTONE AND DOLOMITE. 


Alteration during volcanic activity is ex- 
pressed in the sedimentary rocks, and perhaps 
to a slight extent in the volcanic rocks, by 
contact motamorphism, and in the volcanic 
rocks by widespread hydrothermal deposition. 

Contact motamorphism is practically coti- 
Gned to tho sedimentary rocks, especially the 
limestones. The only suggestion of it in igneous 
rocks comes from the presence of some micro¬ 
scopic colorless garnets in altered lalite near the 
Dragon iron mine, but these may be of primary 
origin. 

CONTACT MLTAMOIIIUIISM OF QUAI1T7.ITK AND SHALE. 

A quartzite inclusion in the monzonito south¬ 
east of the Mammoth switchback was found to 
contain a few crystals of garnet (probably al- 
muudito) alonga bedding plane. Slat cor shaly 
limestone is represented by a few inclusions 
resembling hornfels, one 200 feet, southwest of 
the Kobinson triangulation station and others 
(represented as one on the map) on the next 
spur U> the southeast. This rock is nearly 
black, fine grained to dense, and obscurely 


The principal body of contact-mctamorphic 
rock is in the limestone formations along the 
northeast contact of the raonzonite. It ex¬ 
tends continuously from Mammoth southeast¬ 
ward to the Dragon iron mine and thence 
northeastward, disappearing beneath the effu¬ 
sive rocks beyond the Cans a. stock of monzo- 
nite. Its northern boundary is not sharply 
defined but as a whole follows a crescent- 
shaped course concnvo to the north. Besides 
this main body, there are within the monzonito 
a number of large inclusions which, to judge 
from recent exposures in tunnels and mil- 
road cuts, are much more numerous than the 
obscure, disintegrated outcrops would indicate^ 
Tho outcrops as a whole ore so much weath¬ 
ered and any faulting in them is so completely 
obscured that no serious attempt was made to 
study the metamorphism of individual beds of 
limestone or dolomite. The western part, of 
the main body, if tin* original thickness of the 
rocks was maintained, includes tho lower part 
of the Opohongn limestone and ull of the Ajax 
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limestone and Opox dolomite: the large inclu¬ 
sions northeast of the. Robinson Lriimgulul ion 
station eithov represent sunken blocks of the 
same formation or are remnants of the Colo 
Canyon and Bluebird dolomites ami possibly 
one or two still lower limestones. 

The jnetnmorphic effects ore generally uni¬ 
form in the inclusions and close to (he. main 
contact and diminish in intensity as distance 
from the contact increases. Evidence of in¬ 
tense met a morphism Is limited to rocks within 
•400 or 500 feet from the contact, but rocks 
slightly a( Tee ted may he found as much as 
1,000 to 2,000 feet from any exposed contact. 
'Die most intensely metamorphosed variety is 
a dark-gray, brown-weathering dense rock, 
thoroughly crisscrossed by white hairlike vein- 
lets of culcitc and a white microscopic, fibrous 
or plnty mineral having the properties anti 
composition of tridymile. A thin section of 
an inclusion in the tunnel just north of the 
Robinson triangulation stution shows the prin¬ 
cipal minerals to be enstatite and spinel, with 
a few small grains of garnet and magnetite, 
interstitial enlcito, and voinlets of truly mi t-e 
and culcitc in varying amounts. The ensta¬ 
tite, which was determined by its optical char¬ 
acter, forms a fe>v hypuutomorphic crystals, 
about 1 millimeter Jong, partly surrounded by 
cftlcite, but it occurs mostly in a large irregular 
crystal that serves us a poikilitic ground mass 
for the spinel, garnet, and magnetite. The 
spinel is pale green to rather dark green and 
shows two imperfect cleavages at right angles. 
Some grains are isolated and approach octa¬ 
hedral and possibly dodecahedral outlines; but 
most of them form irregular aggregates inter- 
grown with a little magnetite. Their color is 
that of the plcOnasto or hercynito varieties. 
The spinel is slightly altered to a fine dustlike 
materiel resembling kaolin and is bordered in 
the altered places by small fibers that show u 
strong birefringence resembling that of ealcitc. 
Garnet, is limited to a few very small yellowish- 
brown dodecahedrons of strong relief, most of 
them 0.03 millimeter, more or less, in diameter. 
Magnetite is practically limited to the inter- 
growths in spinel. Where the. spinel is ull 
weathered to kaolin (?) the magnetite appeals 
nearly or quite unaffected. The veinlets con¬ 
sist mostly of interlocking aggregates of a fine 
plnty mineral composed of silica and possessing 
a very weak birefringence characteristic of tri- 


dymitr. In some places this mineral forms the 
whole veiulet; in others it is accompanied by 
an increasing amount of cnlcite. This mode of 
occurrence is very unusual for tridymito. Less 
commonly the euleilo fills the whole voinlct. 
The kaolin is developed mostly along the edges 
of veinlets uud to some extent around spinel 
boundaries in enstatite. This rock so far as 
its position in the field indicates may represent 
any of the strata from the Bluebird dolomite 
up to the Opev dolomite. 

A second specimen, taken within 100 feet of 
the contact, at Diamond Pass, is of the same 
type but altered —the pyroxene to serpentine 
and a little cnlcite, and any spinel to yellowish- 
brown limonite stains. 

Outcrops along the contact northwestward 
from the Black Jack iron mine are character¬ 
ized by a dark-gray rock composed almost en¬ 
tirely of coarsely crystallized cnlcite inclosing 
black octahedrons of spinel, few if any of 
which are over 1 millimeter in diameter. The 
rock is cut by minute veinlets of cnlcite. In 
the thin section studied one largo crystal of 
cnlcite with multiple twinning forms a poikili¬ 
tic groundmnss inclosing spinel. The spinel 
forms irregular to octahcdrid grains as much ns 
1 millimeter in diameter anil makes up about 
50 per cent of the volume of the rock. Its 
color, yellowish brown in some larger grains and 
green in the others, suggests either tho pieotite, 
horcynile, or pleouaste varieties. The position 
of this rock t ype in the field suggests that it is a 
metnmorphio derivative of some of the upper 
beds of the Opex dolomite. 

Gurnet, though scarce in the motamorpiuc 
rocks as a rule, forms local bunches, only one 
of which, in the railroad cut close by United 
States mineral monument No. 4, northwest of 
the Dragon iron mine, was seen. The gurnet 
here is undradite. It is largely massive and 
nearly pure and also forms a few rather well 
formed crystals embedded in culcitc. The out¬ 
crop was so completely surrounded by knolin- 
izod debris that no structural features could be 
studied. Tho position of the garnet rock, like 
l lint of the spincl-cidcile rock lust described, 
is eqnivalent either to that of tho upper beds of 
the Opox dolomito or to that of the lower beds 
of the Ajax limestone. Garnet and wollus- 
toriite have hcen reported from the meta- 
morphic limestono uround the North Star mine, 
approximately at the estimated boundary be¬ 
tween tho Ajax and Opohongu limestones. 
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A loss severe degree of metnmorphism is 
marked by rccrystalliznf ion of I ho ealtitc or 
dolomite and destruction of the characteristic 
surface apnearaoc© of t he rock. One specimen 
of the Opiilionga limestone, taken about KUO 
feet northeast of Diamond l’ass and 100 feet 
south of the spur crest, is of light-gray color, 
striped only where weathering has left fine 
powdery material along the more soluble lay¬ 
ers. In thin section the rock consists mainly 
ol ealcile, relatively coarse grained (0.2.1 to 0.5 
millimeter in diameter) and pure in somu layers 
und relatively fine, grained and crowded with 
minute crystals of diopsido and possibly *>f mica 
in others. A very few minute grains of pyritc 
altered to limonite are present, and a little 
additional limonite fills short cracks. A little 
flooding, like that of kaolin, appears in one part 
of the section and is arranged in a network 
along minute relieidaled cracks which spread 
from a place where clouding is strongest, sug¬ 
gesting an infiltration rather limn a residue 
left by weathering, The same limestone fur¬ 
ther north, close by United States mineral 
monument No. 1 and farther front the contact, 
is recrystailized into a very fine.grained to dense 
rock, of light-gray to pale-yellowish or buff 
color. The characteristic handing is wholly 
obscured at this place hut gradually appears ns 
distance front the cont act increases. The dense 
gray rook has a high content of magnesia, but 
it is not certain whether the specimen tested 
was taken front an originally dolomilic bed or 
not. In thin section lino carbonate grains 
make up the entire rock with the exception of a 
few minuto limonito grains which appear to be 
psoudomorphs after pyrile crystals. No min¬ 
eral containing alumina, was noted, and any of 
Lite clay of the original rock must be uniformly 
scattered and hidden in the carbonate grains. 
Iiecrysl uUisced carbonate with no visible silicates 
occurs idso in the beds.of coarse-grained lime¬ 
stone, or dolomite found in the workings of the 
Lower Mammoth and the Dragon iron mine and 
along the railroad cut northeast of the Dragon 
open cut. 

Metnmorphism around the subsidiary mon- 
zonito stock at Sioux Pass is of the same char¬ 
acter as along the main raonzonite body. 
The surrounding rack in thus locality is tho 
Bluebell dolomite. Closo to the contact the 
dolomite is changed to tho pyroxene-spinel 
rock, colored pale brownish on the weathered 
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surface. Farther front the contact the rock 
is recrystailized to a fine-grained g ravish- 
white rock, and variations in color have 
disappeared; but tho characteristic alternation 
of color gradually appears as distance from 
the contact increases. The effects of mota- 
morpliism along the northwest side of the 
stock disappear within 300 or 400 feet of the 
contact. This very narrow zone is in strong 
contrast to the much greater area of meta- 
morphism . south of tho slock, which extends 
far enough to connect with a metaitvorphio 
band along the main mouzonilo mass. This 
distribution of metamorphic effects! together 
with the alignment of t.he two uionzomte 
bodies, and the presence of several dikes of 
monzonitc porphyry in the Iron Blossom No. 1 
mine, is a strong indication, as stated on pages 
59 and 64, that the monzonites are connected 
at no great depth. 

The. silicified outcrops east of the Black 
Jack iron mine have not been mentioned in 
this discussion of the inctumorphic rocks, 
because tho silicified rock, although within 
the metaraorpliic area, bears no definite rela¬ 
tion to the contact and is believed to have 
been formed later, during tho vein-forming 
stage. A thin section of this rock shows it to 
coTisist of fine eherty silica with a little inter- 
grown pyritc and calcitc. Sonic of the out¬ 
crops consist of a silicified breccia and appear 
to represent the eherty Ajax limestone, in 
which the chert lenses have been broken but 
not replaced, while the colcite mid dolomite 
have suffered nearly complete replacement. 
Some of the silicified rock lies parallel to tlic 
bedding, and some appears to have replaced 
the limestone along fissures. Tho relations 
are not very clear, owing to tho groat amount 
of debris, which tends to isolate the silicified 
ledges; but in their structure, so far as op¬ 
posed, and their composition they arc more in 
accordance with the later vein 'deposits than 
with the earlier eontaot-motiunorphic products. 

Owing to the impossibility of a dofinito 
correlation of the metmnorphic with tho 
unaltered beds, no chemical analyses of the 
rocks have been mode, hut it is thought that 
rough calculations of composition will bo 
sufficient to give a general idea of the changes 
involved. 

To summarize the evidence of contact 
mctamorpliism, the rocks that have been 
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severely affected are for the most part dolo¬ 
mites or dolomitic limestones. The darker 
rocks (see pp. 2S-34) when dissolved in hydro¬ 
chloric acid have a small gray to black residue 
of clay, quartz, and organic matter; the lighter 
ones leave little or no residue. The following 
partial analysis of rock from one of the darker 
beds in the Cole Canyon dolomite, which is 
typical of the darker dolomites in general, 
is quoted from the earlier report’: “Si0 2 , 
S.77; Fc 2 0 3 , 0.49; MgO, 18.53; CaO, 27.22; 
CO.., 41.77; total, 96.78 per cent.” Alumina 
and organic matter should apparently account 
for the remaining 3.22 per cent not recorded. 
The total impuritics, therefore, amount to 
about 12 per cent, at least half of which, 
according to the analysis and to microscopic 
study, must be quartz. It requires only a 
rough calculation to show that neither the 
enstntite-spinel nor the spinel-calcite rock can 
be derived by simple recrystallization of such 
a dolomite with only 12 per cent of impurities. 
If the spiuel-enstatite rock is moderately 
estimated to consist of 60 per cent (volu¬ 
metric) enstatite and 30 per cent magnesia 
spinel, with no account taken of the small 
amounts of garnet and magnetite, the alumina 
present will be sufficient to represent about 
30 per cent kaolin in the original rock, and 
the silica will be sufficient to represent, an 
additional 8 per coat of original quartz sand. 
In other words, only 60 per cent pure dolomite 
could have been present in the original rock, 
and this amount could not account for all the 
magnesia in the metamorphic rock. Further¬ 
more, it has been shown by qualitative tests 
that, although beds of shaly limestone with a 
rather high alumina content are present in 
the district, such beds ore not dolomitic. It 
seems, therefore, that silica and alumina have 
bcou introduced from the magma, though 
their relative proportions can not be estimated, 
whereas most of the calcite has been removed. 
If the garnet and magnetite were included in 
the estimate, they doubtless would indicate a 
small addition of iron oxide from the magma. 
The presence and arrangement of the tridy- 
mite-calcite veinlcts indicate that some shrink¬ 
age took place during metamorphism, leaving 
cracks which were filled by later additions of 
silica and calcite. 
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The roughly calculated composition of the 
spinel-calcite rock also indicates an addition 
of alumina but gives a ratio of magnesia to 
cnlcite which could have been supplied by a 
dolornitio. limestone. The absence of silica 
is in marked contrast to its presence in the 
spiuel-enstatite rock. The beds that were 
simply recrystallized were evidently beyond 
the marked influence of any emanations of 
silica or alumina. 

The general absence of metallic minerals is 
very striking and in marked contrast to their 
presence in most bodies of contact-metamor¬ 
phosed limestone and dolomite. The only 
explanation of this condition that can be 
offered is that ns the metamorphism took 
place near the surface and bcucath a cover of 
volcanic rocks that were relatively permeable 
to heat, the greater part, of the materials, 
including the metals, that escaped from the 
magma at this time rose to higher levels than 
that represented by the present surface. 

ALTERATION IN VOLCANIC ROOKS DURING VOLCANIC 
ACTIVITY. 

If all changes in the volcanic rocks are con¬ 
sidered, certain types of alteration, such as the 
recrystallization of brown hornblende pheuo- 
crysts into augite-magnetite-fcldspar aggre¬ 
gates and the resorption of quartz and other 
phenoervsts, took place m the effusive lavas 
before their consolidation. The recrystnlliza- 
tiou of augite into hornblende in the monzo- 
nite nud the replacement of feldspar by tourma¬ 
line hi the Swansea rhyolite are evidently 
I pneumatolytic changes that took place imme¬ 
diately after the consolidation of the respective 
rocks. These, however, are all microscopic 
features of interest chiefly to the petrogrnpher. 

Far more conspicuous is tho widespread de¬ 
velopment of scricite, chlorite, calcite, and silica 
(quartz, chalcedony, or opal) hi the volcanic 
rocks. Practically all specimens collected con¬ 
tain. these minerals, at least in microscopic 
amounts, and many contain them in con¬ 
spicuous megascopic masses. These minerals 
are so ■widespread that they can hardly be 
regarded as due solely to the solutions which 
deposited the ore bodies, although their 
origm appears closely related to that of tho 
| ore bodies. For example, the banded rhyolite 
east of the Iron Blossom No. 3 mine contains a 
I considerable percentageof chulcedonyand opal, 



98 


GEOLOGY AND OKE DEPOSITS 

especially along its flow lines, and the degree 
of silicification seems, to be the same both near 
to and remotu from any ore bodies. The 
Packard rhyolite throughout its extent also 
contains more or less secondary chalcedony 
and opal lining small cavities and calcito in 
openings along flow lines as well as throughout 
the rock. Tho intrusion of certain rhyolite 
dikes was accompanied by some silicification 
of the adjacent Hmestone. North of Eureka 
the main body of Packard rliyolito contains 
small pockets lined with heulandite. Li one 
specimen from the East Untie district tridy- 
niite is scattered tlirough the rock and also 
lines cavities. The latit-es and tuffs also con¬ 
tain considerable opaline silica, which in some 
parts of the latito fills rather large cavities. 
In all the rocks the plugioclase feldspars are 
partly or completely altered to sericite with 
varying amounts of calcito and cpidoto and 
the pyroxenes and to a less extent tho biotito 
arc more or less altered to chlorite and calcito. 
Exceptionally plugioclase zones havo been re¬ 
placed by chlorite. Amygdulcs in somo of the 
latito flows aro also filled with chalcedony 
(or opal), calcito. and chlorite in varying 
amounts. Microscopic pyrite is commonly 
present with minerals replacing pyroxenes but 
is not conspicuous. 

These minerals aro characteristic of less in¬ 
tense propylilic alteration along tho margins of 
mineralized fissure zones and were doubtless 
to some extent deposited by tho vein-forming 
solutions, but their concentration in amygdulcs 
and along flow lines remote from strongly min¬ 
eralized fissures suggests that they aro rather 
the effects of fumarolc action which extended 
throughout the volcanic period, the fumarole 
vapors and waters diffusing through tho newly 
consolidated lava beds along flow lines, shrink¬ 
age cracks, and any other openings. The same 
secondary minerals aro abundant in the intru¬ 
sive bodies of Swansea rhyolite and monzonite, I 
but here t hey aro more closely associated with 
tho metalliferous vein zones, and it thus becomes 
impossible to draw any line between tho furnn- 
rolic alterations,'which were going on throughout 
the volcanic period, and those accompanying the 
dispositiouof the metalliferous veins, which were 
formed after tho consolidation and Assuring of 
the monzonite, tho youngest of the import ant 
igneous rocks. It therefore seems reasonable 
(o consider bot h alterations ns belonging to one 
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period, but whereas the widespread alteration 
of the effusive rocks was due to escaping water 
and gases in relatively small quantities and in 
various directions after each eruption, the more 
intense alteration accompanying (he formation 
of tho metalliferous deposits was effected by 
solutions which were concentrated at a con¬ 
siderable depth during the consolidation of tho 
monzonite and which later ascended along cer¬ 
tain strong fissure zones. 

ALTERATION IMMEDIATELY FOLLOWING THE CLOSE 
OF VOLCANIC ACTIVITY AND ACCOMPANYING ORE 
DEPOSITION. 

Alteration along the ore zones is common to 
igneous and sedimentary rocks, although the 
limestones and dolomites have been by far the 
most favorable of all for ore deposition. Al¬ 
teration in the igneous rocks was most intense 
in and close to ore-bearing veins. Hero the 
rocks, both monzonite and lntite, were com¬ 
pletely replaced by quartz and pyrite, accom¬ 
panied in places by barite. Sericite is present, 
if at all, only in insignificant amount. A very 
little dolomite and cnlcitc have also been noted, 
either lining cavities (that is, later growth than 
quartz) or in small outlying veins. Ore in the 
igneous rocks has been found only within these 
completely siheified zones. The margins of 
these replacement veins pass gradually into 
quartz-serici te-pyrite rock, whose original tex¬ 
ture of monzonite or latite is distinctly pre¬ 
served but whose feldspar and ferromagnesian 
minerals have been replaced by quartz, sericite, 
and pyrite. Tho solution thus far was rich in 
silica and contained enough potash to convert 
the feldspars into sericite, enough sulphur to 
change tho iron in ferromagnesian silicates and 
magnetite into pyrite, and enough other ingredi¬ 
ents,such ascarbondioxide, todissolveout prac¬ 
tically all the magnesia, lime, and soda of tho 
original rock. As distance from the main vein 
increases this quart z-sericite-pyrite rock 
(bleached whito on the weathered surface) 
passes into green or greenish-gray rock, in 
which feldspars and ferromagnesian silicates are 
only partly replaced by sericite, chlorite, epi- 
dote, calcite, and a little pyrite. Silica, either 
as quartz or chalcedony, is also present but as 
a rule is inconspicuous. The solution here fur¬ 
nished water to effect the hydration of the 
original minerals, but there has been no con¬ 
spicuous removal or introduction of other rna-- 
tcriol, with the possible exception of potash in 
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tho soricito, and it is quite possible that some 
if not most of the scricite mny be a soda mica. 
There has. however, been some transference of 
material, as is shown by short vc-inlcts of chlo¬ 
rite and cnlcito. 

In tho dolomites and limestones the most in¬ 
tense alteration has been complete replacement 
of the wall rock by quartz accompanied by 
more or less barite and ore minerals. The 
passage of the quartz into unroplaced rock 
is on the whole abrupt, although not marked by 
a sharp, straight line. Near the margins of 
the silicifiod bodies and also above them dolo¬ 
mite and coleite “spar” are likely to he found. 
These two minerals are also present to a minor 
extent within the quartz bodies, whore they 
are of distinctly later growth than the quartz. 
In some of tho northern stopes of the Godiva 
and Iron Blossom ore zones, in the East Tintic 
Development vein, and in the Nort h Tintic dis¬ 
trict dolomite and calcite are the principal 
gangue minerals. All these occurrences are 
comparatively remote from any known impor¬ 
tant intrusive bodies. Carbonate veins may be 
found a considerable distance from the main 
puy-ore deposits, and their distribution is in a 
way comparuhlo to that of the less intensely 
altered (cldoritized) igneous rock. They are 
characterized by' dolomite in white to pule 
pink granular masses or in distinct rhombs 
where it linns pockets, and by calcite in colum¬ 
nar masses (travertine), or in long-pointed 
crystals (scalenohcdrons) where it lines open 
spaces. 

ALTERATION DISTINCTLY LATER THAN VOLCANIC AC¬ 
TIVITY, DUE TO COLD DOW N WARD-C IR COLA TING 
WATERS. 

The effect of downward-circulating meteoric 
waters sinco the ore-forming period has been 
quite normal. In nonmineralizod rook it has 
been similar to the effects of prevolcanic 
weathering—decomposition, leaving a residue 
of kaolin and more or less iron and manganese 
oxides, the formation of new caves, and the 
possible enlargement of older eaves. In min¬ 
eralized zones the acid solutions resulting from 
the decomposition of pyrite and other metallic 
minerals have hastened and increased the de¬ 
composition of mmmetollio minerals, leaving 
ultimate residues of kaolin and iron oxides, 
which in some places have accumulated in con¬ 
siderable masses. This is especially true where, 


| during the erosion of overlying volcanic rocks, 
the decomposition products have been carried 
downward and replaced the underlying lime¬ 
stones or dolomites along t heir cont acts or along 
fissures, thus producing what may he termed 
“false gossans,” for they are no indication of 
the existence of other types of ore near by. In 
some places, most notably at the Dragon iron 
mine, enough limonite has collected in tliis 
manner to form a commercially important de¬ 
posit of iron ore. The details of the process of 
concentration are given elsewhere (pp. 258- 
261), Calcite may accompany' the limonite and 
psilomclnne of these “false gossans,” hut it 
occurs cither as crusts lining cavities or as flat 
rhombs or disklike crystals, in contrast to the 
long pointed scalenohedrons of calcite deposited 
by T the vein - forming solutions. Flat rhombs 
perched upon the scalenohedrons have been 
seen in a few plaees. 

In the main veins or channels of t he igneous 
rocks downward-circulating waters have been 
effective down to giouud-wuter levol, or to 
depths ranging from 200 to more than 700 feet, 
leaving leached outcrops of limonite and iron- 
stained quartz, followed by oxidized ore. Tt 
has not been learned how deep complete oxida¬ 
tion has extended in the veins of the igneous 
rocks, but according to unalvses much primary 
ore still remains above water lovel, 

In tho deposits in limestone, where grouud- 
wntor level ranges from 000 feet in the Curiae to 
more than 2,000 feet (below the 1.800-foot 
level) in tho Centennial Eureka and to still 
greuter depths in the Mammoth and Grand 
Central, oxidation is much more extensive, and 
some huge ore shoots have undergone, extensive 
oxidnlion and enrichment down to their lowest 
extremities. The process of enrichment is con¬ 
sidered fully in Part III. 

SUBFICIAL FORMATIONS . 1 

Mention has been made in preceding pages of 
the thick mautle of disintegrated rock material 
which covers so large a part of the Tintic area. 
'Hus constitutes one of the most unfavorable 
conditions for geologic work and hua often 
seriously interfered with the discovery of tho 
indications of ore, yet the subject is ono of 
interest and worthy of brief treatment in tliis 
place. These surficial formations have been 

i This section n quoted substantially Instil the Mir tier report (Towor 
Ci. W., |r., and Smith, O. O,, op. cif , pp. Uc-cao). 
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deposited in three different ways and may there¬ 
fore be classed, with respect to origin, as al¬ 
luvial, lacustrine, and colluvial. 1 

alluvium of tintic valley. 

Tintic Valley is bordered by alluvial cones 
which extend down from every ravine, aud val¬ 
ley along the western edge of the Tintic Moun¬ 
tains. These cones of stream-deposited mate¬ 
rial become flatter us they emerge from the 
mouths of the ravines, and here better deserve 
to be termed alluvial funs. The slopes nearer 
the valley axis are gentle, although the grade 
is sufficient for the transportation of coarse 
material. The exceptionally large proportion 
of run-off, due to the frequent cloudbursts in 
this region, gives to these occasional streams a 
greater rapacity for transportation than might 
he expected. The angularity of most of the 
rock fragments found near the middle of the 
valley also affords evidence as to the manner of 
transportation. Their journey from the rock 
slope to the outer edge of the alluvial fan has 
been comparatively rapid, and they have suf¬ 
fered less from the corrosion incident to trans¬ 
portation in a well-defined stream channel. 

To a certain extent these alluvial fans are 
being trenched at present by deep arroyos, 
and this dissection affords opportunity for 
better examination of the alluvium of the 
valley. Tile structure is that characteristic 
for such deposits—a stratification locally im¬ 
perfect but in general readily distinguished. 
Gravel and coarse sand are in many places 
interbodded. The freshness of all this dctrital 
material is noticeable, for rock disintegration 
in the Tintic Mountains has been far in excess 
of rock decomposition. 

In several places the alluvial deposits extend 
far up into the range, following the different 
drainage lines, and their distribution is there¬ 
fore greater than can be represented on the 
geologic map. In sinking a well near Homnns- 
ville alluvium was found to a depth of 65 feet, 
consisting of interbodded gravel and clay, the 
latter in beds a few inches in thickness. An¬ 
other well was sunk over 250 foot before, bed¬ 
rock was reached. 3 The alluvium filling the 

i The twin colluvial 1* »ppU>l by Merrill (Both*, rock withering, 
nr.il yjds, p. 319. lfCT) to dup<ei!s of the wUuro of talu> mu! clill debris, 
lit wbkhgravity Is tlvo tnunporstag agent. 

’ It In very powIMo th.it » coin ruble port ol this material, esr’cciully 
In tbocjipptt wall. It thoroughly dlMuicyr.iU'd rhyolite.—G. F. L. 


valleys on the enst side of the range is similar 
to that described above and does not require 
special mention. 

LAKE BONNEVILLE BEDS. 

Goshen Valley is about 1,000 feet lower than 
Tintic Valley and is covered by deposits of a 
different character. The Pleistocene lake 
which covered the eastern purt of the Great 
Basin extended into this valley, and the line 
material now covering the surface was de¬ 
posited from the waters of Lake Bonneville. 
The alluvium, which doubtless covered the 
lower valley in pre-Bonneville time as it yet 
covers Tintic Valley, has been hidden from 
view by lacustrine deposits, which are finer 
grained and more evenly distributed. 

The Bonneville shore lino, which marks the 
highest water level, is well preserved at the 
head of Goshen Valley, at an elevation a few 
feet above the 5,100-foot contour. 'Die ter¬ 
race here is mostly cut in the alluvial material 
extending down from the small ravines which 
indent the mountain slope. As can he seen 
by reference to the map of the Bonneville 
Basin accompanying Gilbert's monograph, 1 
this area formed « part of Utah Bay, an almost 
landlocked arm of the lake. Thus the waves 
wliieh beat on this shore had but little fetch 
and were less efficient, and the. shore line is 
not so deeply carved as at more exposed points, 
like the north end of the Oquirrh Mountains. 
Yet the teiTace marking the Bonneville level 
is readily observed and is the more apparent 
because it forms the line of division between 
two types of topography. Above, tho rock 
has been sculptured into bold outlines, which 
even tho surface accumulations of rock de¬ 
tritus do not conceal; below, the lines are 
softened, and the gentle, smooth slopes of tho 
lacustrine deposits afford a marked contrast 
oven with the alluvial cones above. One inter¬ 
esting feature in the Bonneville shore is a bar 
constructed across a reentrant angle in tbo 
shore, forming a natural reservoir. 

Faint traces of other shore lines can be de¬ 
tected, but at the level at which the water 
stood during the Provo stage tho slope shows 
no break such as might bo expected to indicate 
the Provo shore line, which is so strongly 
marked at other localities. There is, however, 


• Ollbcrt, G. K., Luo Bonnovlllo: 0.6. Gcal. Survey Mou. l, 1890. 



SU R MCI A L 1‘OR M A T10 X S. 


within the limits of the Tin tic quadrangle, a 
conspicuous topographic feature which is con¬ 
nected with the Provo shore line. Currant 
Creek emerges from its canyon immediately 
east of the quadrangle, and from the mouth of 
this canyon there extends a large delta, which 
forms a noticeable interruption in the broad 
concave sweep at the head of Goshen Valley. 
The surface of this delta lies just above the 
4,700-foot contour and thus approximates the 
level of the Provo shore hue. Below, the 
delta face has a steep slope to the valley bot¬ 
tom. Currant Creek has now cut a deep 
channel in the old delta. 

When the water stood at the Bonneville stage 
Currant Creek canyon was a narrow strait con¬ 
necting the water in Juab Valley with that in 
Goshen Valley. With the fall of the lake level 
to the Provo stage there was a marked change 
of conditions. Currant Creek began to drain 
Juab Valley, having its point of discharge at. 
the head of Goshen Valley. Here tho delta was 
doubtless quickly built, and its upper surface 
may be taken as indicating the Provo water 
level. The uniform fineness of the material 
composing the Currant Creek delta is due prob¬ 
ably to the fact that all coarser sediments were 
deposited in the lakelike expanse of the stream 
in Juab Valley above the canyon. 

Sections of the wave-built ten-aces seen with¬ 
in the area show well-bedded sand, fine and 
well sorted. A few beds of coarse gravel a few 
inches thick are interbedded with the sand. 
These can be traced upward to the talus at the 
base of the steep slope of limestone and indi¬ 
cate alternation of conditions, the locally de¬ 
rived limestone fragments being deposited on 
the beach at some times and the finer shore drift 
at others. On the upper surfaces of the upper¬ 
most pebbles of these beds calcareous tufa has 
been deposited. 

Dunes of drifting sand occur aloug the west¬ 
ern edge of Goshen Valley east of the mouth of 
Pinyon Canyon. 

TALUS DEPOSITS. 

The group of talus deposits includes the rock 
detritus which occurs in the form of talus slides 
and avalanche streams. This material is het¬ 
erogeneous and unstratified and owes its re¬ 
moval from the original rock mass primarily to 
the action of gravity. Creep, due to the action 
of frost and snow, may occur in these talus 
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slides, and on the steepest, slopes avalanches of 
snow doubtless have been effective in the trans¬ 
portation of the rock fragments to lower levels. 
Well-defined avalanche streams occur in some 
of the sharply cut V-shaped ravines, making the 
cross section resemble more the letter W, with 
the central ridge considerably lower than the 
sides. These rock streams have apparently 
not yet come to rest, to judge from their com¬ 
parative lack of vegetation. 

The mantle of tulus material has accumu¬ 
lated to a great thickness in many places on 
the slopes of the Tintic Mountains. Both in 
the limestone areas and on tho hills of inonzo- 
nite prospect tunnels show this disintegrated 
rock to cover the solid rock to depths of 50 and 
even 100 feet. So compact is tlJs unconsoli¬ 
dated material that roof and walls remain stand¬ 
ing uutinibcrcd for many years in these de¬ 
serted tunnels. In gulches where stream ero¬ 
sion has cut trenches in the debris the high 
angles at which the walls stand also show a 
considerable degree of cohesion in this material. 

The occurrence of such largo amounts of 
talus material is a phenomenon resulting from 
the climatic conditions. Physical disintegra¬ 
tion of the rock mass is rapid on these barren 
slopes, exposed at this altitude to sudden and 
considerable changes of temperature. Tho 
amount of loose material thus furnished is too 
great for the agents available for its transpor¬ 
tation. Accumulation has thus continued un¬ 
til on the lower slopes a balance is reached 
where the mantle lias become in great part pro¬ 
tective. On the steepest slopes, however, 
gravity is effective in the removal of the rock 
fragments, and additions to the talus accumu¬ 
lations below still continue to be made. 

The cementation of the loose fragments and 
sand into such coherent masses is a pr ocess also 
connected with the ariditj' of tho region. Chem¬ 
ical decomposition of tho products of weather¬ 
ing is slight. Sufficient water does not circu¬ 
late tlirough these deposits to thoroughly leach 
out the soluble parts of the rocks, and what 
water is present is without doubt a less active 
solvent than that charged with the humus 
acids, such as would be present were the region 
covered with vegetation. However, a certain 
amount of solution does take place, though the 
dissolved material may not be removed far. 
Capillarity brings such solutions to the surface, 
and on evaporation the salts in solution are 
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left near the surface and here act as a cement. 
This calcareous cement is readily noticed in 
many of the deposits of this nature and seems 
a sufficient explanation of their exceptional 
compactness. 

GEOLOGIC HISTOBY. 

'Die geologic history of the TLntic district is 
sharply divided into two groups of events— 
(1) sedimentation, folding, and erosion; (2) 
volcnnism, Basin Range uplift, and erosion. 
The beginning of sedimentation is not recorded, 
as the base of the Tintic quartzite is not ex¬ 
posed. The quartzite mny in part bo of pre- 
Camhrian age, and in that case sedimentation 
progressed with no apparent interruption into 
Cambrian time. An unconformity, however, 
is known to exist at the base of the Cnmbrian 
in the Wasatch Mountains. The uniformity 
and general pimty of the quartzite point to 
littoral marine rather than continental sedi¬ 
mentation. According to Walcott. 1 the Cam¬ 
brian shore line receded eastward, and, ns 
littoral gave way to offshore conditions, the 
deposition of sand was followed by that of 
finer sediment, forming the shale. Owing to 
the migration of the shore line and perhaps 
also to undulations of the Lower Cambrian 
land surface, the ugo of the. shale varies from 
place to place. In Nevada and western and 
central Utah its lower part is Lower Cambrian 
and its upper part Middle Cambrian; in north¬ 
ern Utah it is till Middle Cumbrian. Its age 
in the Tintic district may correspond to either 
of these. Tire deposition of shale alternated 
somewhat with that of argillaceous limestone 
and finally gave way to it as subsidence con¬ 
tinued. Further subsidence was marked by 
the accumulation of nearly 900 feet of argil¬ 
laceous limestone, most of it distinctly shnly 
and some oolitic. Conditions then changed 
so ns to permit the accumulation of calcium 
carbonate, composed mostly of shell remains 
and almost free from argillaceous or sandy 
matter but accompanied by considerable or¬ 
ganic matter, which accounts for the present 
prevailing dark colors of the rocks and also for 
the fetid odor so characteristic of most of 
them when newly broken. Tho distinct though 
not prominent cross-bedding in these beds 
shows that although they wore too far removed 

1 WUcoll, C. D., Camlirinu a ‘•-lions of tko Conlllleran nr«i: Smith¬ 
sonian illro. Coll., YoL 53, p. llll, isccv 


from shore to receive any conspicuous amount 
of clay, they were nevertheless deposited in 
places shallow enough to be affected by wave 
action. 

These conditions continued during the depo¬ 
sition of the Bluebird and Cole Canyon dolo¬ 
mites, or to the end of Middle Cambrian time 
and probably during the early part of Upper 
Cambrian time. The shaly and cross-bedded 
members of the Opex dolomite, however, show 
that a part of Upper Cambrian time was 
marked by oscillations of a shallow sea bottom. 
These oscillations culminated in a slight emer¬ 
gence giving rise to erosion and the local 
deposition of conglomerate and quartzite, 
which mark the base of the Ordovician. 
The local unconformity, thus produced may 
account for the much smaller thickness 
of Upper Cambrian strata in the Tintic dis¬ 
trict than in the House Range. 

The first stage of Ordovician time was 
marked by subsidence and the deposition of 
the relatively nonargillaceous but siliceous 
Ajax limestone, the silica of which was pre¬ 
sumably derived from sponge spicules and mi¬ 
croscopic shells and is now represented in con¬ 
centrated form by the lenses and nodides of 
chert. The deposition of siliceous limestone 
gradually gave way in early Ordovician time 
to that of argillaceous limestone (the Opo- 
honga) and this was followed, still in early 
Ordovician time, by renewed deposition of nor.- 
argillaccous limestone (the Bluebell dolomite). 

Deposition of the last-mentioned type con¬ 
tinued with no apparent break through the 
remainder of the Ordovician period and pos¬ 
sibly until the Upper Devonian; but the thick¬ 
ness of strata laid down in the- Tintic region 
was much less than at other places in the 
State, and it is possible that most or all of the 
Silurian and Lower Devonian are represented 
by a concealed unconformity. Tho LTpper 
Devonian was marked by the deposition of 
shaly limestone. 

At some time during late Devonian or early 
Mississippian time the newly formed sedimonts 
were elevated above sea level over a consid¬ 
erable part of Utah. Tins uplift was followed 
by a period of erosion, sufficient in the Tintic 
district to remove the Devonian, possible Silu¬ 
rian, and Upper Ordovician and in some other 
places to remove all the Ordovician and much 
[ of the Cambrian limestones. 
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In early Mississippian time this area wns 
entirely submerged and covered by a great 
thickness of sediments. In the Tinlic district 
the earliest Mississippian sediments consisted 
of n small quantity of siliceous material (the 
Victoria quartzite), derived either from some 
exposed portion of the Cambrian quartzite or 
possibly from nn Ordovician quartzite now 
completely removed by erosion. This brief 
period of sandy deposition was followed by the 
Gardner epoch, in which nonargillaceous and 
argillaceous limestone were laid down alter¬ 
nately, and the Pine Canyon epoch, in which 
the deposition of siliceous and argillaceous 
limestone alternated with that of remarkably 
pure calcium carbonate (chiefly shell frag¬ 
ments). The Pine Canyon epoch marked the 
transition from early Mississippian (Madison) 
to late Mississippian time, which was character¬ 
ized chiefly by alternating deposition of snudv, 
argillaceous, and calcareous beds (the Humbug 
formation). 

Dolomitizntion and concentration of chert 
were going on in favorable strntn during all the 
periods of sedimentation and probably also 
during the pre-Mississippian land intervals. 

According to stratigraphic evidence in areas 
north of the Tintic district, sedimentation con¬ 
tinued during late Mississippian and early 
Pennsylvanian time until the intercalated 
series o? limestone, shale, and sandstone, of 
which the Humbug formation represents the 
basal beds, attained a thickness of at least 
5,000 to 6,000 feet, 1 and this was followed by 
the deposition of at least 8,000 feet of quartzite 
(Bingham and Weber) in Pennsylvanian time.* 
An interruption of unknown though probably 
considerable duration and extent is marked by 
an unconformity at the top of the Weber 
quartzite, in the northern Wnsatch country, 
but this was followed in that region by renewed 
sedimentation from late Permsylvunian to the 
end of Jurassic time. There are no data to 
show how far Trinssic and Jurassic deposits 
may- have extended beyond their present 
western boundaries in the Wnsatch country, 

• Spun - , J. E., Economic geology o! 'bo Morvur mining district, Utah: 
O. S. Geol. Survey Sixteenth Ann. Rcpt. pi. 2. p. 377, ISM. 

* Emmons 8. E, and Keith, Arthur, Economic geology o! the Blog- 
bom mining district, Vlali: U. S. Geol. Survey Prof. Paper 38, pp. 23, 
35,19C5. Tho Bingham qunrullc is estimated to be 8,000 to 10,001' foot 
thick. The corresponding Wnbcr qunrUlto in the Wnsotoh Mountain-, 
bos a mnxjir.mn thickness of 5,0tt) to 6,OCO feet, hut Its top, os shown by 
Pilot Block weldor (New light on the geology of tho Woantch Mountains, 
Utah: Geol. Soc. America Balt., vol. 21, pp. 531-533, 1010), Is marked by 
on unconformity. 


but their thicknesses, there aggregating 3,640 
feel, suggest that they may easily Imvo ex¬ 
tended ns far southwest as the Tintic district. 
If they did, ns much as 15.000 feet of late 
Paleozoic and Mesozoic sediments may once 
have overlain the rocks now exposed in tho 
Tintic district. 3 

At the end of Jurassic time or in early Creta¬ 
ceous time, according to evidence throughout 
the Cordillernn province, the Paleozoic and 
later beds were thrown into a scries of folds. 
The local predominating thrust in the Tintic 
and North Tintic districts was from the west, 
developing the imsymmetrical and in places 
slightly overturned major anticline and syn¬ 
cline and the minor folds and contortions. 
The thrust wns powerful enough and sustained 
enough not only to fold but nlso to fault, tho 
rocks. Faults formed at this time in the 
quartzite are local overthrusts along the 
quartzite-shale contact, accompanied by acces¬ 
sory easterly faults. Faults were doubtless 
formed within the quartzite, but they can not 
bo proved, owing to the uniform appearance of 
the rock. The principal faults formed at this 
time in the limestone have general northeast 
and northwest trends; accessory' faults trend 
oast. Northerly faults may also have been 
formed in both quartzite and limestone. 

After the period of folding—that is, duriug 
Cretaceous and probably' early Tertiary time— 
readjustment of the earth’s crust eunsed addi¬ 
tional faulting along generally north and cast 
directions and settling of fault blocks. Erosion 
also took place on an extensive scnlo, com¬ 
pletely' removing any Mesozoic and Pennsyl¬ 
vanian strata which may have been present, 
developing a mountninous topography quite as 
sleep as the present, or oven steeper, and 
bringing the first group of events in the geologic 
history of Tintic to a close. 

Tho second part of the history' was begun by 
a period of volcanic activity. Tho earliest 
eruptions recorded iu the district, though not 
clonrly exposed, were of lalito or andesite. 
These were followed by the rhy'olite eruptions. 
The extensive latite-andesito eruptions followed 
those of rhyolite and wore closed by the mon- 
zonite intrusion, which maybe equivalent to the 

» J. M. Boutwell (If. S. Geol. Survey Prof. Paper 77. pp. 49-39,1912) 
has found 4,2i0 fool of Simla (590 feet Pennsylvanian and 3.010 feet 
Mesozoic) nbove the Woter qwlxltn in tho Park City and Ulg Colton- 
vrood districts. Tills, added to the 8,000 feet of Uio " InlcrcabiU-d Mies 
and 8,fOO fcol of Bingham qnarttSte, would give a total of 18.2» feet. 
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latest of tho effusive flows. The flows wore 
much more extensive than appears at present 
ami probably covered the highest limestone 
peaks in tho district. There is no means of 
fixing the exact ago of this period in the Tintic 
district, but Smith 1 duriug the oarlior survey 
found tho lutites, or andesites, to bo later than 
conglomerate of probable Eocene ago. This 
observation has been confirmed by tho present 
writer, who has ulso found latitic or andesitic 
breccia resting upon fossiliferous Eocono con¬ 
glomerate in tho southern part of the Wasatch 
Mountains near Suntnquin. Tho extensive 
flows of latites aud tho monzonito are therefore 
certainly of post-Eoceno ago. Tho ago of tho 
rhyolito can not yot bo fixed with certainty but 
probably is not markedly earlier than that of 
the lutites and monzonite, 

Fissuring and faulting accompanied tho vol¬ 
canic eruptions and continued at intervals 
afterward. Just after tho consolidation of the 
monzonito ore-forming solutions, concentrated 
during the consolidation, arose along newly 
formed fissures and deposited the original ore 
bodies in the sodimontury and ignoous rocks. 
Ore deposition was in places accompanied and 
ulso followed by renewed or additional Assuring 
though no extensive faulting of tho ore bodies 
took place. 

Probably after tho original oro bodies were 
formed (tho exact time relations are not clear) 
the Tintic district, along with tho greater part 
of Utah, was subjected to tho Basin Range 
faulting, which tilted immense blocks and gave 


rise to tho alternating mountain ranges and 
valleys that characterize tho Great Basin. 
The elevation of these rangos was clearly later 
than the volcanic eruptions and must therefore 
havo begun in middle or rather late Tertiary 
time. Elevation of some parts of tho State is 
known to be still going on. 

Erosion has boon progressing without in¬ 
terruption during and ever since the periods of 
volcanic activity and ore deposition, carving 
tho mountain peaks, canyons, and gulches and 
building alluvial cones out into tho broad 
intermoutauo valleys. During one long stage 
of this interval, in Quaternary time, tho climate 
was humid and the lowlands from Goshen 
Valley northward were covered by a part of the 
great Lake Bonneville, in which sediments 
i derived from the mountains wero doposited. 
A change to arid or somiarid conditions caused 
the almost total disappearance of this lake, of 
which Utah and Groat Salt lakes are small 
remnants. Tho former extent of the lako is 
marked hy unconsolidated lake bods in the 
flat valley bottom and by shore linos or ter¬ 
races along the lower mount ain slopes. During 
this long period of erosion and changing climate 
tho newly formed volcanic rocks wore grad¬ 
ually worn away, rovoaling the higher lime¬ 
stone aud qunrtzito ridges and shrinking to 
their present areas. At tlio same time moteoric 
waters, circulating downward, attacked tho ore 
bodies and began to conceutrate them by 
transforming primary sulphides and related 
minerals into secondary sulphides and oxidized 
compounds. This process of enrichment is 
still going on. 


Toner, 0. \V. ( )r„ and Smith, G. G., op. cit., p. «73. 


Part II—HISTORY OF MINING AND METALLURGY IN THE TINTIC DISTRICT 


By V. C. IIeikes, 


PRODUCTION. 

1869-1880. 

In December, 1SG9, the first mining claim 
was located in the region that was subsequently 
organized into the Tintic mining district. This 
was the Sunbeam claim, in the southern part of 
the region. The district was organized early in 
1870, but little work was done until the fall of 
that year. The Black Dragon, north of the 
Sunbeam, was discovered in January, 1870, and 
in February tho Eureka Hill and Mammoth 
properties were staked. Deposits of lead car¬ 
bonate rich in silver were being discovered 
dnil) r , but it was difficult to get tho ore to mar¬ 
ket. Ia 1871 the producing camps were 
Eureka, Silver City, and Diamond City. 

The growth of the region was steady, and 
most of tho early producers were still shipping 
oro 40 years later. Among the earliest pros¬ 
pects were the Mammoth, Armstrong, Martha 
Washington, Shoebridge, Swansea, Eureka 
Hill, and Showers. Even at that, early date 
man) 7 kinds of oro were mined, including prin¬ 
cipally the carbonate and sulphide of lend, car¬ 
bonate, oxide, and sulpharsenite of copper, and 
siliceous gold and silver ores containing small 
amounts of copper. These different kinds of 
ore led to complications in sale and treatment. 

Owing to poor transportation facilities the | 
development of the mines in the Tin tic dis¬ 
trict for the first few years was not rapid. 
There was, however, considerable activity in 
mining the richest of the ores near the surface 
and shipping them to San Francisco, Cal., to 
Reno, Nov., to Baltimore, Md., and even to 
Swansea, Wales. Later most of the ores were 
shipped to Argo and Pueblo, Colo., and to tho 
smelters in the Salt Lake valley. 

The lower-grade ores were treated at mills 
and smelters in tho district, at first with indif¬ 
ferent success, as tho reduction processes then 
in use wero not fully adapted to them. Ores 
taken from the immediate surface were handled 


with some success in amalgamation plants, but 
one of the greatest troubles is said to have been 
the abundun.ee of antimony 1 in tho ores milled, 
causing the mercury to Horn-. This was over¬ 
come to a largo extent by roasting or chloridiz- 
mg the ores. The progress of smelting and 
milling is considered on pages 114-117. 

Iu 1875 the nearest railroad station to the 
camp was Payson, on tho Utah Southern Rail¬ 
road, 28 miles away, but a route was being sur¬ 
veyed through the West Tintic country for the 
Utah Western. The output of tho district at- 
that time consisted of silver bullion, lend bam, 
and copper matte, and tho notable producers 
wore the Eureka Hill, Bullion, Mammoth, Sun¬ 
beam, Bowers, Morning Glory, Showers, and 
Gold Hill. During the next three years there 
was no great change in production. 

The building of railroads liad a great effect on 
the output of Tintic, us the chief product of the 
camp has always been fust-class slapping ore. 

In 1S7S tho Utah Southern Railroad was ex¬ 
tended southward to Iron ton, 5 miles southwest 
of Eureka, and in the following year the output 
of t he district nearly doubled. During t his year 
(1879) the, Crismon-Mammoth Co. marketed 
$12,000 worth of silver bullion. In the next 
two yearn the Mammoth aud Tintic mills pro¬ 
duced much biilliou and the Eureka Hill was a 
regular shipper of ore. Amalgamation mills 
were not successful, as all the copper and half 
tho gold and silver were lost. The Tintic mill, 
by cldoridizing the ores, recovered 814,262 in 
gold and 87,223 ounces of silver, and the Bullion 
Beck mine became a notable shipper. 

In 1S83 the Salt Lake & Western Railroad, 3 
as it was then known, handled 7,650 tons of 

> Antimony Is very • urn iu the onn of tho Tin! to district proper bill 
is abundant In tho Smiis mine, In the Wost Tintic district, whoso oro 
was treated St llomunsvillo In tho curly days. 

• This raid connected, at Ixonlon with Ike Utah Southern, which In 
1S90 consolidated with the Utah A Nevada, Utah A Northern, and 
Echo A Park City, under tho manage moot of the Union Paethc and tho 
uarnc Ortgnn Short Line. In July, 1SC3, tho Son Pedro, Lot Angeles A 
Salt Late Ifrulreod (new Los Angeles A Salt Lake) trot over this 
brunch lino of the Oregon Short Line from Salt Lake to Kuroka, In 
counuctlon with Its through lino lo Los Aivjelr i, Cal. 
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ore from the district. The road had been 
completed from Ironton to Silver City, and 
there wns a branch to Mammoth. The Amer¬ 
ican Eagle, Bullion Bock, Eureka Kill, and 
Mammoth were large shippers. During tne 
next year (1884) the output of the district 
increased to 48,914 tons, of which 22,94-3 tons 
was slupped to smelters. At that tune the 
annual production reached the million-dollar 
mark, and silver represented the greatest part 
of the value. 

A largo part of the ore shipped from the dis¬ 
trict ut that time and later was oxidized and 
contained a largo percentage of iron with a 
littlo gold and silver that made it valuable as a 
smelting flux. During 18S7 about 33,300 tons 
of oro was shipped from various mines, includ¬ 
ing 10,3. r >0 tons of iron ore, and the Eureka 
Hill alone shipped L0,233 tons averaging 50 
ounces of silver to the ton and 12 per cent of 
lend. Dividends were paid by the Mammoth, 
Bullion Bock, and Eureka Hill, but little was 
published concerning profits, cither then or 
later. In 1887 and 1888 the value of all 
products was nearly §2.000,000 each year, and 
in 1889 it approached S3,000,000. TheCentcn- 
ninl Eureka property, which has hud a larger 
output than any other mine in the district, 
became un important producer, having begun | 
shipping in 1886, at- the same time us the 
Gemini. 

At this time the district had four main pro¬ 
ducing areas. The southernmost was in the 
vicinity of Silver City, in the southern part of 
the district. The next to the north was the 
Mammoth Basin. The Eureka area, farther 
north, included the Bullion Beck, Eureka Hill, 
Centennial Eureka, and Gemini mines. East] 
of the Eureka and Mammoth groups was the 
area of the Godivn, Uncle Sam, Humbug, Utah, 
ami Sioux mines. In 1SS9 the production had 
increased to 46,075 tons, of which tho Eureka 
Hill alone produced 18,500 tons. Tailings 
from the Mammoth mine were leached to 
advantage. 

1890-1898. 

In 1890 tho value of the output was nearly 
double that of the preceding year, being over 
$5,000,000, from about 6S..OOO tons of ore. 
This wns a record output at the time, and in 
fact it was larger than any subsequent year’s 
output, until 1S99. As silver has been the 
main resource of the district, fluctuations in 


the price of the metal have seriously affected 
mining. From 1S90 to 1901 the price of silver 
dropped from 81.05 to 60 cents an ounce. The 
silver output of the district was slightly de¬ 
creased in 1891, and considerably so in the 
next two years. 

The Bio Grande Western Railroad (now 
Denver & Rio Grande) entered the district in 
1891,giving it tlic advantage of two roads. The 
oro output of the district in 1892 was about 
47,000 tons, but production decreased in 1893. 
The value of the output remained close to 
§2.000,000 in 1893 and 1894. In 1S95 there 
was an increase, particularly in gold and silver, 
which brought the value of the output up to 
I nhout S3,000,000. Owing to the operations of 
the newly built quartz mills (p. 116), the value 
of the ore produced in 1896 rose to over 
84,000,000. In 1897 there was a slight de¬ 
crease in total value, due principally to a 
decrease in the output of silver, but the pro¬ 
duction of lead increased nearly 8,000,000 
pounds. In 1898 crude ore, concentrates, and 
bullion were being slupped over the two rail¬ 
roads, and the product was valued at over 
$4,000,000. The leading producers were the 
Eureka Hill, Bullion Beck, Centennial Eureka, 
Graud Central, Mammoth, Star, Swansea, 
South Swansea, Engle and Blue Bell, Humbug. 
Uncle Sam, and Joe Bowers mines. 

1899-1914. 

In 1899 the Tin tic district was tho leading 
mining center of the State in value of output, 
which was over $5,000,000. The shipping 
mines wore the Mammoth, Bullion Beck, Cen¬ 
tennial Eureka, Grand Central, Gemini, Eu¬ 
reka Hill, Swansea, South Swansea, Godiva, 
Humbug, Uncle Sam, Sioux, .Sunbeam, Ajax, 
Star Consolidated, Four Acres, C&visa, Joo 
Bowel's, May Day, Northern Spy, Eagle, Treas¬ 
ure Hill, Lower Mammoth, Tesorn, Alaska, 
Showers Consolidated, Boss Tweed, Utah, 
Rabbit’s Foot, and Silver Park. The Tintic 
! (Dragon) iron mine shipped in 1899 nearly 600 
cars of iron ore to he used as flux. Lend in 
1S99 had reached a production of over 
38,000,000 pounds, and copper had increased 
to over 6,000,000 pounds. The annual pro¬ 
duction of the camp often exceeded that of 
Bingham until that district became tho largest 
copper producer, and the records of many 
years showed Tintic outdoing Park City. In 
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spite of that fact, less wns written with regard 
to the. development of the region than about 
other equally productive mineral mens. 

In 1900 an increase in gold, silver, and cop¬ 
per gave a total value of over §7,000,000, 
which was the record at that date mid was not 
exceeded until 1906. The following year 
(1901) the production of all the metals except 
copper decreased, owing in great part to liti¬ 
gation. Iu 1902 there was a further decrease, 
resulting largely from the suspension of ship¬ 
ments from the Centennial Eureka mine. It 
was during that year that the American Smelt¬ 
ing & Refining Co. and the United States 
Smelting Co. completed their plants at Murray 
and Midvale. Utnh, where a large part of Tin- 
tic's ore wns afterward reduced. By this lime 
practically all the output was first-class ship¬ 
ping ore, most of the mills having served their 
usefulness. Groat depth had been gained at 
many of the mines, and this some year u rich 
strike wns made at the Gemini mine on the 
1,700-loot level, t hen its deepest. Ot her mines 
that became largo producers were the Ajax, 
Carisn. Lower Mammoth, Tesora, and Yankee 
Consolidated. 

Conditions improved slightly in 1903, so that 
the output wns valued at nearly $5,000,000 
uguin, though tho lead production was less. 
Fire interrupted work in the Eureka Hill and 
several adjoining mines, including the Cen¬ 
tennial Eureka, which nevertheless was the 
largest shipper of the region. The value of 
the output in 1904 was nearly $6,000,000, from 
over 260,OOt) tons of ore, and there wore in¬ 
creases in nil metals except load. Thirty-one 
mines shipped by wuy of the Bio Grande and 
Salt. Lake railrouds. In 1906 the unusually 
large production was valued at over $8,000,000. 
There was a hig increase in lead, partly from 
the Bock Tunnel property, which furnished tho 
sensation of the year. This rich lead ore came 
from a new area in the eastern part of the dis¬ 
trict. In 1907 ore valued at nearly 89,000,000 
was marketed. The Colorado mine was a new 
and large producer of lead carbonate contain¬ 
ing 93 ounces of silver to tho ton and 35 per 
cent of lead. Lead cavbonate was concen¬ 
trated at the May Day mill, whose capacity 
was enlarged to 65 tons. 

After the panic of 1907, production was 
greatly reduced in 1908. Prices were low and 
the smelting rate was high. Two copper 


smelters in Utah were closed. In 1909 mining 
had recovered and the district made a record 
output of leud, principally from the Colorado, 
Iron Blossom, Sioux, and Beck Tunnel mines. 
At the siime time a modem ore-sampling mill 
was erected at Silver City. In 1910, 40 pro¬ 
ducers shipped over 300.000 tons of ore, valued 
at nearly $7,000,000, of which half was lead 
ore. Tiie following year the output had nearly 
the same value. The Centennial Eureka alone 
shipped over 108,000 tons of ore. 

Tho year 1912 was notable because the pro¬ 
duction was valued at. nearly $10,000,000, the 
record of the district for nil years. During 
that year the district became a zinc producer 
for the first time in its history. Mixed car¬ 
bonate and silicate ores of zinc were shipped 
from tho May Day, Uncle Sam, Lower Mam¬ 
moth, Yankee, Gemini, and Ridge and Valley 
mines. In 1913 decreases amounting to about 
$2,000,000 were recorded in gold, silver, copper, 
and zinc. 

TABLES OF PRODUCTION. 

METALS. 

The first of tho following tables shows tho 
quantity and value, by metals, of (he ore sold 
I or treated in the Tintic district from 1869 to 
1916, inclusive. The annual production is 
shown beginning with 1877. The second table 
summarizes the production by decades. The 
third table shows tho total production of thedif- 
forent ore zones, by metals, from 1869 to 1916. 

Tho reports of output received from mining 
compnuics and those estimated by the Survey 
were nearly perfect for the Gemini zone. Sev¬ 
eral of the reports from mines in t he Mammoth 
and Godivn zones were incomplete, but it is 
believed that the estimates coino close to tile 
actual output. The. figures for the Iron Blos¬ 
som zone do not include the large quantity of 
low-grade iron ore mined from the Dragon mine, 
but, with this exception, give a very complete 
record. Actual figures have been supplied for 
the igneous zone as far as they were available, 
and estimates for missing years are thought to 
be near the actual output of metal produced. 
The output of West Tintic and other outlying 
districts is included in tho “undistributed” 
figures up to the your 1900. In the earlier 
years probably some other district totals of 
tho ore production in Juab County were 
credited to the Tintic district. 



Quantity and mlue ojore told or treated in Untie district, 1S69-191S, and total metals recovered. 


Ore 

(short tons') 


1869-1B7G *. 

1877 . 

1878 . 

1879 . 

1<W0. 

1881. 

1882.. 

1883..- 

1881. 

1883. 

1880 . 

1887 . 

1888 .. 

1889 . 

1890 . 

1881.-. 

1892 . 

1893 . 

1894 . 

1895 . 

1896 . 

1897 . 

1898 .-. 

1899 . 

1900 . 

1901 . 

1902 . 

1903 . - . 

1804. * 262,6S0 

1005. *266,761 

190G. *317,570 

1907 . * 278,504 

1908 . * 260,104 

1909- -.. * 256, 578 

1910 . *300,631 

1911 . *360,391 

1912 . *423,830 

1913 . *100, 430 


1911.. .. 
1915. . 

1916.. .. 


298,480 
293,474 
365, 919 


Quantity 
■ fine ounces). 


2-1, 730. 00 
‘ 2,000. 09 
c 2,500. 00 
c 2, .500.00 
/ <14,419. 00 
‘ 2,332. 00 
‘ 2,903. 00 
<t 2,000.00 
<1 1,500.00 

<1 S6S. on 

* 2,300. 00 
<t 3, 200.00 
*7.110.00 

* 11, 940.00 
*21,633.00 

* 19,444.00 

* 16,470.00 

* 15,097.00 

* 18,066.00 

* 27, 525. 00 

* 40,470. 00 

* 37, 038. 00 
‘ 3S, 136.00 
‘ 44,917. 00 
e 75,355.00 
c 40,159.00 
‘ 33. 344.00 

* 65, 987. 00 
*71,961.00 

* 100, 942. 00 

* 93,125. 00 

* 113,065.44 

* 63, 248.58 

* 83,189.47 

* 66, 289.22 

* 70,015. 5-1 

* 91, 917.88 

* 68 . 327 . 87 
46,139. 60 
44,318. 98 I 
41,382.57 


8511,215 
41,344 
51,680 
51,680 
91,349 
48,207 
60,010 
41,344 
31,008 
17,948 
47, 545 
60, 150 
140,977 
308,837 
509,209 
401, 943 
340, 465 
312,083 
373, 457 
568,992 
836,589 
705, 643 
788,341 
928, 517 
1,557, 726 
830,160 
689,282 
1,304,072 
1,48/, d58 
2,0S6, 656 
1,925, 066 
2,337, 270 
1, 307, 4G4 
1,719, 679 
1,370, 320 
1,633, 396 
1,900, 731 
1,412,462 
953, 790 
916, 775 
855, 454 


Quantity 

(fine 

ounces). 


89-1,000 
c 150,000 
‘130,000 
‘ 250,000 
/ <1181,545 
c» 151,073 
*232,558 
‘ 9 523, 798 
‘ >J 619,194 
* 368,925 

* ‘ 825, UOO 
*1,412,-163 
*1,201,020 
*2,055,700 

* 3, 801,700 

* 2,901, 730 
*2,011,642 
*1,990,860 
*2,582,033 

i *3,517,166 
*3,955,843 
*2,877,600 
‘3,389,507 
‘3,329 833 
‘4,809. 971 
‘ 2, 685,735 
‘2,978,391 
*3,620,362 

* 3, 93S, 630 
*3,951,3-18 

* 4,610, 794 
*4,9-19,082 

* 4,118,440 
*C;-10-1, 847 

* 5.222, 742 
*5.514,702 
*7,073,104 
*5.829,484 

4| 666, 9-1-1 
4,370, 9S4 
5,113, 5CE 


Copper, 




1-1,139,580 
180,000 
149,500 
280,000 
20S, 777 
170,712 
2GD,116 
581,116 
687,305 

929.750 

816.750 
1,384,21-1 
1,129, 523 
1, 932, 36S 
3,991,785 
2,872, 713 
1, 750,129 
1,552,871 
1,626, 681 
2,286,158 
2,689,973 
1,720, 560 
1,999,809 
1,997. S90 
2,9S2,182 
1,611,441 
1, 578, 549 
1, 951, 995 
2,254,866 
2,386, 614 
3, W9, 232 
3, 266, 393 
2,182, 773 
3,330, 520 
2,820,281 
0 q..o 700 

£ 349]959 
3,521,008 
2,580, 820 
2,216, 089 
3,364, 727 


2.558,228 
‘ * 313, 200 
‘*111,400 

‘ * no, 800 
‘ * 86 , 000 
‘ * 300,000 
‘ *505,800 
‘ * 281,885 
‘*161,600 
‘ * 198,000 
‘*‘1,525,000 
‘ * 2 , 000 , 000 
‘ * 2 , 200 , 000 
‘ * 1,870,000 
‘ * 868,960 
« * 688 , 000 
‘ * 966,777 
‘ * 320,000 
‘ * 820,000 
‘*1,574,000 
‘*3,005,000 
‘ 2,500,000 
‘2,073, 759 
‘ 3,441,677 
‘6,052,157 
‘ 7,557,825 
‘5,271,921 
*8.023,464 

* 9,035, 720 
A 10, 982, 751 

* 7,321,471 

* 7, 755, 831 

* 5, 707, 786 

* 5, 915, 669 

* 8,993,036 
A 10,9,22,154 
A 13,339,126 

* 9, 261,867 
5,290,471 
5,357, 932 
7,106,645 


8699, 903 
69,508 
18,492 
20. 609 
IS, 404 
54,600 
96,605 
46,511 
21,008 
21,381 
169,275 
256,000 
369,600 
252,450 
135, 558 
88,061 

112.146 
34,560 
77,900 

168,418 
324,540 
300,000 

257.146 
588,527 

1,004, 65$ 

I, 262,157 
643,174 

J. 099, 215 
1,129, 405 
1,713,309 

1, 413, 014 
1,551,166 

753, 427 
769, 037 
1,142,116 
1,365, 269 

2, 200; 956 
1,435, 590 

703,632 
937, m 
1,748,234 


Quantity 

pounds). 


7, 744,000 
‘ ‘ 294, 496 
‘ 402, 8S2 
‘ 1, 206,466 
‘ 705,534 
‘451, S10 
‘ ‘ 59S, 192 
« 900,1)00 
‘ 5,559,882 
‘7.781,759 
‘ ‘5,971,066 
‘0,337,991 
‘ 5,854,261 
‘ 9,978,559 
‘ 10,881,90S 
‘ 13,147, 645 
‘9,431,527 
‘ 7,063,209 
‘ 8,056, 635 
‘11,283,50-1 
‘13,217,833 
‘21,341,802 
‘ 29, 060 , 841 
‘38,080,901 
‘36,840,579 
‘24,388,133 
‘ 20, 266, 507 
*12,481,040 
*22,122,312 

* 18, 702,673 
*32,022,190 
*33,019, 242 
*25,015,882 
*56,502,209 
*37,553, 445 

* 23, 572, 966 

* 24, 350, 0-11 
*20,279,812 

36, 510, 911 
32, 657,018 
39, 294,351 


$549, 540 
16,167 
18,104 
49,465 
35, 277 
21, 687 
29,311 
38, 700 
205,710 
303,60S 
274,609 
285,210 
257, 587 
389, 164 
489, GSO 
565, 349 
377, 261 
261, 339 
265,869 
361,074 
396, 535 
76S, 305 
1,104,312 
1,713,641 
1.020,985 
1,048, 690 
830. 927 
524, 204 
907, 851 
879, 02! 
1,825, 265 
1,750,019 
1,051, 927 
2,429, 595 
1,052, 352 
1,060, 784 
1,096,022 
1,156, 289 


1,532,925.80 31,088,339 119,712,919 78,762,811 152,375,912 


Zinc (.speller). 

Quantity 
(pounds 1 . 

Value. 

























’ 


_*.1 



1 


. 

| 


__ 


. 



3,709, 737 
3,596, 511 
75S, 217 
3, 845, 058 
3, 711,156 

1. 

S255,972 
201, 406 
38, 609 
l 470, 787 
497, 295 

15, 620,712 

,1,470,129 

1 


Total 

value.* 


297,019 
237,776 
401.754 
353,807 
295,206 
451,0-15 
707,971 
945,037 
1,272,683 

I, 308, 239 

J, 091,574 
1,903,687 
2,882,809 
5,126, 23S 
3,928,069 
2,580,001 
2,100,853 
2.343, 907 
3,384,642 
4, 247, 637 
3,560,508 

4. 149,60S 

5. 22S, 575 
7,105, 551 
■1,752,418 
3,741, 932 
4,942,486 
5,839,740 

7, 065, GOO 

8, 252,607 
8,904,848 
5,295,691 
8, 218,831 
C, 985, 0G8 
6,982,241 
9,803,640 
7,720,755 
5,700, 837 
6,082,109 
9,177,021 
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u Average conmierclalprioes used for each tnelfil to miiko total for each calendar roar. 

* In December, 1868, West Tlntlo first attracted attention, hwI the Sunbeam infuo was located. It became tho Unit important producer later, along with the Scotia- tl'»» the Eureka Hill, Mammoth, Shoe- 
bridge, Martha Washington, Black Dragon, Black Eagle, end Swansea: all operated between ISffi and 1476. In 1873 tho Mammoib-Copperopolls (Ajar) and Cnsmon-Mammoili mines were the prim-]]ad producers 
of copper in tTtob. 

c Estimates by V. C. Hoikcs from a separation of tho total outnat reported by the Director of the Mini, or given in the annual reviews of the Salt Lako Tribuno and U. S. Geol. Survey Mibeul Resources, 
1882-1897. Parts of tho records of som® early producers wore used in Uie eill mat*.. 

d Estimated by Tower and Smith (op. olt., pp. 6I5-C16), «ho five a table *nd remarks on production 1SSO-1890: "It is thought the production of silver and paid previous to 1880 did not exceed $3,000,000 in 
value. From 18S0 to 1898, inclusive, tbo production In gold has Wen 20).!to7 ounces and in silver 28,jnft,fi/l Ounces. In addition to the silver and gold, Turtle has produced a Iritg* amount of tend and copper. 
The only method of calculation of the lend and copper is by finding lb» ratio of copper tocith r .cold or sJvcr. .Vs silver is more uniformly distributed in tho ores than gold, tills Burial bat been cho.i i as the basis 
of osdcuUtlon. The average content of oopper and lead in 240,000 Urns of ore. was O.u per coni wid 13.5 per cent, respectively. The ore which have furnished ibe basis of lhb. nl. illation are tho reported output 
of about two-thirds of the mines of the district. Thecouteut of silver of these same ores overagw 52.50 ounces per ton. On this buds Uimw are 20 pounds of copper to every 87.5 ounces of silver, ana 20 [oundsof 
lead to every 3.8 ounces of silver. Applying these ratios 1o the total production ol tho cAcnp Itu shown thut there should have been produu»i LytTu.OuO pounds at copper and 74,495 tons of lead for tho years from 
UiSO to 1896, inclaare, thus roughly estimated. Them tah.ubLioos, however, Judged (torn other standpoints, seem lu be somewhat low for copper and high for tend. 

< In 1877 tbo Eureka Hill mine commenced to jrruduiv silver-lead heavily; in 1S82 the Bullion Beck & Champion mine became a silver-lead producer, sad In I sob the Centcnulal-Eurcka mine, although not a 
large producer of lead, yielded largely gold, silver, and copper. 

( Figures originally 3,012 ounces ol gold and 8,682 ounces ol diver, corrected from Tenth Census, -.ol. 13. p. 314. 

a Tower and Smith (op. dt., p. 616) give, for 1SSD 1888, 082 ounces; 18S1, lui,S54 Ounces; 1883, 224,800 ounces; 1 SSI, 012,191 ounoos. These figures have been corrected from producers' reports, the Eureka Hill 
being tho largest producer for the Years given. 

1U.S. Oecl. Survey Mineral Resources. 1003-1913. 

< These totals ore lor mine output and aggregate more than if smelters’ end refiners' figures were used. 
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Production of metals in Tintic district, 1SC9-1916, by periods. 



Gold. 

Silver. 

Copper. 

Lead. 

Zinc (spelter). 


Period. 

Quantity 

(fine 

ouncffij. 

Value. 

Quantity 

(fine 

ounces). 

Value. 

Quantity 
f pounds). 

Value. 

Quantity 

(pounds!. 

Value. 

Quantity 

(pounds). 

Value. 

Total 

value. 

1869-1850. 

1881-1890. 

1891-1900.j 

1901-1916.i 

.36,149.09 
01,786.00 
332,517.95 
1,102,472. 70 j 

$717,26 S 
1,277, 230 
6,873, 756 
22, 790,135 

1,605,545 
11,692, 031 
81,300,185 
75,0*19,15S 

$1,957,857 
11,888,929 
21,484,906 
43,431,059 

3,179,028 
9,911,245 
21,441,370 
127,843,009 

*5416,916 
1,422,994 
2,953, 909 
19, 867,428 

10,353,378 
54,318,42S 
187,524,539 
40*1, 774,132 

$668,553 
2,295,330 
7,434,670 
21,013,003 

1 

15, 020, 712 

$1,470,129 

$4,190,59-1 
16, 884, 489 
38, 749,351 
100,501,8)4 


1,532,925. 80 

31,088, 3S9 



1.52,375,912 

25,063,297 

716, 970,477 

32,3-11,022 



1C9,326,248 


P mi action of Tintic district, by ore sours, including estimates, 1M9-1916. 


Zone. 

Ore it ohm). 

Gold. 

Silver. 

Copper. 

Quantity 

(ounces). 

Total 

value. 

Average 
value per 
ton “ 

Quantity 

(ounces!. 

Value. 

Average 
per ten 
(ounces)." 

Quantity 

(pounda). 

Value. 

Average 
per ton 
(per 
cent!" 

Gemini. 

Mammoth. 

Godiva. 

Iron Blossom 6. 

Igneous. 

Undistributed. 

2, 457,169 
1, 777, 224 
582, 937 
62S, 302 
362, 827 
10,000 

081, 077.53 
661,099.92 
70,400.93 
110,122.61 
8,22-1.81 

1,400.00 

$14,091,526 
IS, 666,150 
1,455,316 
2,276,434 
170,023 
28, 940 

$5.73 
7.09 
2.51 
3.62 
47 
2.89 

56,002,775 
26.S94,114 
7,675,303 
19,949,163 
6, 932, 782 
258, 722 

$38,586,035 
17, 345, 888 
4,473,385 
Tl, 250, 751 
6, 899, 774 
206,978 

22.79 
15.' 13 
13.21 
31.75 
24.02 
25.87 

82, 981,711 
58,94$, 80S 
13, 922, 900 
3, 800,856 
2,715,383 
634 

$12,429,909 
9,442, 370 
2,118,503 
678,486 
400,8-82 
82 

1.699 

1.058 

1.198 

.303 

.374 

.003 

6, 81S, -159 

1,532,925.80 

31, 0S8,3S9 

5.45 

119,712,919 

78,702,811 

20.57 

162,375, 912 

25,003, 297 

1.395 

Zone. 

Lead. 

Zinc (spelter),. 

Total value. 

Average 
value per 
ton. 

Total 

dividends. 

Quantity 

(pounds). 

Value. 

Average 
per ton 
(per 
cent)“ 

Quantity 

(pounds). 

Value. 

Average 
per ton 
(per 
cent).® 

Gemini. 

Mammoth. 

Godiva. 

Iron Blossom 11 . . 

Igneous. . 

IIndintrihiited__ . _ 

240,763,340 
115,637,779 
159, 962,039 
149,512,059 
45,529,594 
5,565, 606 

*10,628,310 
5, 405,4-19 
7,178,137 
6,820, 501 
1,998,710 
250,455 

4.90 
3.25 
13.77 
11.90 
6.28 
27.83 

1,576, 228 
3, 406, 322 
9,081,070 
1, 479, 000 
17,492 

$1S9,930 
375,146 
747,040 
157,101 
912 

0.004 
.09S 
.782 
.118 
' .002 

$75,918,710 
46,295,009 
15,972, 441 
21,183,332 
0,470,301 
4S6, 455 

$10.90 
20.05 
27.50 
33.72 
26.10 
48.64 

$13, 8)8,400 
0,,623,125 
1,755, 051 
7,097,105 
841,914- 



, 




716,070,477 

32,341,622 

6.16 15,620,712 '1,470,129 

.134 

169, 326,248 29.10 

30,135, 598 


• OswsnJ nverar* of .ill kinds of ore produced In stub uoe. The rive ore wj.t produced from IMS to 101'j. Inclusive In 1912 it .-irrrepucd (Ui*5 tom, avcrnfrlnc 2CUI per cool of rowcrnl'le imc: In H>13 It 
ajfgtregatod 6,2M loos, a ve raring 77 91 pin omt! in 19H li ueurognted l.W.I torn, tVttW&J 27.J7 purcvnl; In 1913 it omwaitcJ 7,0® tons, Bvcrjf:toR27.ii-l per Cent; and in 191b li ajapngsted 7,31* tow, nwrapn* it .St 
per Cent. The district has ate produced 955 tonsofliwl-.'lnc oie. In 1913 it oqurOiteuitii lone averaging IUH per cvnl ol lend and M.78 p. : cent oi recoverable xlnc; in ltiH It aggregated SOT tons, averaging 11.34 
par cent of load and 21.S3 par cent oft.«>mabl(> 2 lnc: and In 19)3 It aenrecotcd 277 tom, avcrarinic L5.ll per cun oftaad find 10.44 per e-m of racovciuhle tine. 

t The Iron Rlosscin :nue includes the output of the Tintic Standard tone slnco twos, il* follows; a,73s tons of ore, 29-1.38 ounces of gold, 84,076 ouneeo of silver, 2,053 pounds of copper, 3,017,293 pounds of lead, 
721,011 pounds of tine, having u total voiuo o( $231,051, or on avopigo value per Urn Ol HI .77. 
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The tonnage and average grade of each kind 
of shipping product in the Tin tic district, during 
the 10 years from 1903 to 1913 are given in 
the following tables, in which tho ore classifi¬ 
cation is necessarily arbitrary in part. 

DRY OR SIMCEOUS ORES. 

The dry or siliceous ores comprise gold and 
silver - ores proper, as well ns fluxing ores 
carrying considerable quantities of iron and 
manganese oxides and very small quantities 
of gold and silver, and also ores carrying 
silver, lead, or zinc in quantities too low to 
classify them as copper, lead, zinc., or mixed 
ores. The contributors of the dry or siliceous 
ores for the period wero the Grand Central, ] 
Victoria, Dragon (iron), Mammoth, Swansea, 
Lower Mammoth, Eagle and Bluo Bell, Eu- 

Dry or siliceous ore and concentrate, with average metallic c-mtew 

1903-1916. 

Crtidu ore. 


rcka City, Eureka Hill, South Swansea, Star 
Consolidated, Black Jack, Chief Consolidated, 
Ilcpe, Gurnet, Cornucopia, Windridge, Wyo¬ 
ming, Ben trice. D.. Mount Vernon, Iron Blossom, 
Brooklyn, Monterey, Gray Rocks, Centennial 
, Eureka, Ajax, Ivon King, Shocbridgc, Showers, 
i Sunbeam, Viotor, Rabbit’s Foot, Golden Treas¬ 
ure, and Tosora. 

The Mammoth mine yielded the richest gold 
ores. The Dragon iron mine, sis a shipper of 
iron-manganese ore used for flux, was a largo 
contributor in 1906, 1907, 1910, and 1911. 
Its output ranged from 15,000 to 46,000 tons 
in the years mentioned, and the low average 
grade of its ore, estimated at about 40 cents in 
gold and nearly 1 ounce of silver per ton for 
those years, largely affects the average of the 
crude ore in the following table: 

produced in Tinlic district and shippid to smelters, 


Year. 

Quantity 

(short 

tons). 

Gold 
(Value 
per ton). 

Silver 
(ounces 
per ton). 

Copper 
(per ceut). 

Lead 

(percent). 

Average 

LUOS* 

value per 
ton. 


6.5,167 

$11.27 

13.60 

0. 64 

0.29 

$20. 65 

1904. 

52,809 

9. 50 

13. S3 

. 16 

.61 

18.51 


38, (137 

5 02 

' 16. 00 

.49 

1.23 

24. S3 


SO, 424 

0 47 

10. 07 

.31 

.73 

16. 76 

1907. 

34, 282 

15. 11 

f> 53 

. IS 

.07 

20. 19 


2,951 

4. 05 

26. 61 


. 45 

J8. M 


11 >20 

12. 8.5 

23. 25 

1 10 

1.21 

29.00 

1910. 

06, 204 

2. -50 

5.59 

. 54 

. 17 

7. 04 

1911. . 

ISO, 878 

5. 40 

12.84 

.89 

.69 

15. 04 


193,083 

5. 26 

17. 37 

. 85 

. 43 

19. 16 


129, 231 

3. 12 

13. 12 

.55 

.33 

13. 03 


102, 704 

3. 47 

9. 67 

. 95 

.33 

11.07 


54,933 

2. 31 

16.90 

.61 

.82 

13. 81 

1916. 

79, 194 

2.14 

11.25 

.89 

.09 

14.04 


Concenlrnle*. 


1901 


S25 

$5.09 

33. 70 

0.18 

|.| 


$25.08 


COPPER ORE. 

ILe copper ores include those carrying over 
2.5 per cent of copper. A large contributor 
of copper oro near the grade mentioned was 
the Centennial Eureka mine; other miues, 
named in order of their importance ns shippers 
of ore of this grade, are us follows: Cnrisa, 
Mammoth, Victor, Ajax, Laclede, Engle and 
Bluo Bell, Opohonaga, Bullock, Lower Mam¬ 


moth, Gold Chain, Iron Blossom, Dragon, 
Eureka Hill, Brooklyn, Star Consolidated, 
Minnie Moore, 'J'esora, Grand Central, Ilorae- 
stako, Snowflake, Black Jack, Bullion Beck, 
Showers, Monterey, Argcnta, Primrose, West 
Morning Glory, Shoebridge, United Sunbeam, 
Governor, Rabbit’s Foot, Neibauer, and United 
Tin tic. Tho average grade of the copper ore 
is shown in the following table: 
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Copper ore, \rilh average metallic content, produced in Tintic. <1,strict and slopped to smelters, I90:i-t9l6. 


Year. 

Quantity 

(short 

tons). 


83,062 


116,838 

1005 . 

166, -117 
121, 570 



141, 309 


111, 194 


110,480 


87 334 


69 014 


126,079 


146, 094 


61,377 


113, 120 

115,013 


Gold 
(value 
per ton). 

Silver 
(ouncea 
per ton). 

Copper 
(per rent). 

Lead 

(percent) 

Average 

crroMi 
value per 
ton. 

$6. 79 

17. 30 

4. CO 


$27. 08 

7. 78 

13.24 

3. 55 

0. 003 

24.54 

10. CO 

11.95 

3.05 

.001 

27.40 

10. 10 

10.85 

2. 51 

.026 

27.21 

10. ss 

13. 52 

2. 47 


29. G9 

9.99 

15.47 

2.39 

.030 

24.93 

8. 71 

12. 12 

2.29 

. 640 

21.51 

8. 25 

9. US 

4. 08 

. no 

23.90 

5.76 

12. Cl 

5.42 

.240 

26.20 

4.67 

10. 99 

3. 69 

.870 

24. 39 

4.33 

8.33 

2. 44 

.050 

16.96 

4. SO 

10. 13 

1.94 


15.67 

4.88 

7.54 

1.95 


15. 54 

3. G7 

9.49 

2. 32 


21.31 


LEAD OUK. 

In general, the crude lead ore and lead con¬ 
centrate are those containing over 4.5 per cent 
of lead. The most persistent producers of lead 
product of shipping grade during the 10 years 
wore the Bullion Beck, Eureka Hill, Gomini, 
Lower Mummoth, May Day, Uncle Sam, 
•Yankee, Eaglo and Blue Bell, liidge and Val¬ 
ley, Beck Tunnel, Black Jack, Mammoth, East 
Tintic Development, Iron Blossom, Centen- 


niul-Eurekn, Chief Consolidated, Colorado, Go- 
diva, Grand Central, Sioux, Eureka City, Clift, 
Ajax, Telro, Joe Bowers, Martha Washington, 
Showers, Victoria, Frankie, Laclede, Star Con¬ 
solidated, Victor, Silver Park, South Swansea, 
Shoebridge, North Clift, Windridge, Utah Con¬ 
solidated, Plutus Consolidated , Salvator, Carisa, 
Susan, Swansea, Crown Point, Diamond Queen, 
Neibauer, Dragon, Tintic Standard, Gold 
Chain, and Rabbit’s Foot. 


Lew! arc atul concentrate, with average metallic content, produced in Tintic district and shipped to smelters, I90i-19l6. 

Crude are. 


I 

Year. 

Quantity 
(short ’ 
tons). 

Gold 
(value 
per ten). 

Silver 
(ounces 
per ton). 

Copper 
(per cent). 

Lead 

fper cent). 

Average 
gross value 
per ton. 

1903. 

36 206 

$1.45 

33.28 

0.60 

15.26 

$33.89 

190-1... 

62,289 

.88 

25.41 

.40 

16.24 

30.70 

1905.. 

53, 307 

1.82 

24.03 

.43 

25.50 

41. 78 

1906.... 

102,333 

1.69 

23.38 

.33 

14. 19 

35 03 

1907. 

90,2*17 

3.08 

30.64 

.34 

17.30 

43 01 

1908. 

62,083 

3.43 

43.80 

.38 

21.92 

46.06 


125, 923 

4.22 

37.15 

.07 

21 . no 

42.31 

1910. 

113,971 

3.34 

27.73 

.41 

12. 74 

30.5o 

1911. 

92,037 

2.80 

25.11 

13 

1111 

26.42 

1912. 

92, 4.50 

2.99 

24.22 

. 25 

10.81 

28. 14 


117, 502 

3. 16 

24.73 

.30 

10. 72 

28. 45 

1911.. 

132, 768 

2. 25 

22. 95 

. 35 

13. 46 

26. 37 


113. 330 

2.01 

21.80 

. n 

13. 38 

26. 04 

1916. 

164.0S9 

1. 60 

19.06 

. u 

11.89 

31. 10 


Concimlralr-,. 


1903. 

ISO). 

11)06. 

1906. 

1907. 
ISOS. 
1000. 
1910. 
1011 . 
1013. 
Wit. 
I9ir>. 

10 is. 


416 

$2.28 

38.69 


I 19.86 1 

$39.86 

3, 595 

1.24 

11,00 



22 23 

409 

5.95 

20.03 

. 


37.06 

2, 328 

l.-.o 

11.24 


33. 94 

17.43 

2.593 

1.11 

13.87 


37.75 

44.97 

1,565 

3.72 

21.8.8 


31.03 

41.89 

881 

3.28 

21.90 



40.86 

770 

3.55 

17.87 


29.26 

38.95 

371 

2.45 

15.93 


25.20 

33 57 

58 

.48 

8.40 

0.19 

24.03 

27.29 

155 


27. 42 


17 SI 


305 

2. -IS 

23. 51 

0. 19 

35.41 

’ 71.06 
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co pper-leaj> ore. were the United Sunbeam, Undine, Shoebridge, 

Laclede, Cavisa, Windridge, Mammoth, Opo- 
Copper-load ore is classified according to the houga, Silver Queen, and Bullock. The follow- 
same method as copper mid lead ores. The ing table gives the production and assay of this 
contributors of ore of this kind for the 10 years ore: 


Copper-had ore, wish average metallic content, produced in Tin tie district and shipped to straiten, 190J-1916. 


Year. 

Quantity 

(short 

ton*). 

Gold 
(value 
per toil). 

Silver 
(ounces 
per toil). 

Copper 

(percent). 

Lead 

(per cent) 

| 

| Average 
gross value 
per ton. 


388 

$1.84 

4S.31 

14.53 

16.03 

$81.21 


128 

i. 13 

14.03 

2.87 

2.59 

19.11 

UKMi. 

4S5 

1.49 

27.11 

3.82 

16.00 

52.90 


330 

1.09 

33.18 

3.84 

0 91 

45.67 


24 

.92 

37.79 

3.84 

24. 66 

51.79 

1909. 

■M 

.59 

27.26 

3.75 

5.39 

29.15 

1910 . . 

42 

l 2G 

1ft >4 

7 01 

10 14 

43 54 


5l> 

5^ 70 

15. 87 

5 ! n 

13. 58 

39,12 


•172 

2.63 

128.14 

3. 19 

8.13 

.100,18 

1913. 

43 

1.67 

32. 50 

3.26 

18.22 

47. 46 


180 

.73 

13, 97 

2, 96 

9. 87 

24 80 


02 

.61 

31. eo 

4. 49 

10. 13 

42. 11 


78 

3. 44 

52.52 

3. 45 

11.39 

70. 63 


ZINC ORES. 

The zinc ores are those containing 25 per 
cent or more of zinc, irrespective of thoir 
precious metals. All the ore mined was a mix¬ 
ture of carbonate and silicate zinc ore. Con- 


I (ribu tors to the shipments of this class of ore 
wore the Lower Mammoth, Uncle Sam, East 
Tin tic Development, May Day, Gemini, Godiv.a, 
Ridge and Valley, Yankee, Chief Consolidated, 
Colorado, Beck Tunnel, and Iron Blossom. 


Zinc ore, with average metallic content, produced in Tintic district and sh’pptd to smelters, I93J~I9lti, 


Year. 

Quantity 

(short 

tons). 

Gold 
(value 
j>or ten). 

Silver 
(ounces 
pur ton). 

Lead 

(percent). 

Zinc (spel¬ 
ter, per 
coat). 

Average 
gro?« value 
per tou. 

• 

6,306 
6.265 
1,064 
7.029 
7.318 

$0.33 

1.3G 

1.91 

29.41 
27.91 
27.57 
27.35 
24. 81 

$-13,47 
31.26 
28. 12 
68. 53 
66. 87 



. 





.61 

.3-1 




1 



LEAD-ZINC ORE. 

Lead-zinc ore is usually shipped by the 
buyer to manufacturers of pigment. In 1913, 
however, the shipments were purchased by 
producers of spelter, who sometimes save the 
residues of the ore containing part of the 
gold, silver, and lead content. The contrib¬ 
utors of ore of this class were the May Day, 
East Tintic Development, Tintic Standard, 
and Uncle Sam. 


Ltad-zinc ore, with aterage metallic content, produced m 
Tintic district and shipped to smelters, 1903-19 HP 


Year. 

Quantity 

(short 

tons). 

Lead 

(per 

cont). 

Zinc, 

spelter 

(per 

cent). 

Average 

gross 

value 
per ton. 

1913. 

192 

9.45 

23.29 

$34,40 

1914. 

393 

11.3 

21.8 

16. 29 

IQlfi 

1916. 

227 

is.i 

L 

16.6 

69.72 




101355 “—19-8 
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SMELTING. 

A small mill and a smelter wore erected 
simultaneously in 1871 at Homansville, about 
24 miles east of Eureka. Owing to the refrac¬ 
tor nature of much of the ore. milling was not 
a success and smelling was tried frequently. 
Tho first smeller built was the Clarkson, with 
two stacks, by tho Utah Smelting & Milling 
Co., which started operations on June 17, 1871. 
This smelter turned out 172 tons of silver-lead 
bullion in 60 days. The ores smelted at these 
furnaces were from the Scotia (in the West 
Tintic district), Swansea, and Eureka Hill 
mines. After producing several hundred tons 
of lead bullion the plunt was closed and moved 
away in 1872. Other smelting furnaces were 
erected at Diamond City and ran on ores from 
the Showers mine and other ores obtained by 
purchase. The material treated contained 50 
per cent of lead and S80 in silver to the ton. 1 

Two Leethum furnaces were erected at 
Goshen in the full of 1874 and ran. at intervals 
for six months, producing 7J carloads of bul¬ 
lion and 1 of copper matte. The furnaces, not 
being a success, were dismantled. 

The Mummoth-Copperopolis built a smelting 
works in 1873 at Roseville, 6 miles from tho 
mine, for the purpose of making black copper 
out of copper ores from the mine. 2 These 
works were in operation for several months, 
and at tho time of the financial panic, when 
they were stopped, 126 tons of black copper, 
containing 90 per cent of copper and, including 
gold and silver, worth 8252 a ton, had been 
shipped. The plant had two furnaces made of 
iron, with boiler-plate water jackets and a 
liniugof tiro brick made in Utah. Euch furnace 
was built for u capacity of 12 tons of ore every 
24 hours. The motive power used for tho 
smelting plant was derived from the mill, SO 
feet distant. Water was supplied from springs 
2 miles distant and conducted to the works in 
galvanized-iron pipes. According to the Utah 
Mining Gazette of March 14, 1874, the Ger¬ 
mania Smelting Co. erected furnaces in Black 
Dragon Hollow and later moved them to tho 
vicinity of the Mammoth-Copperopolis mill; 
these are presumably the ones elected by the 
English company. Later in tho year the fur- 

* Raymond, R. W., Sutlstloi jf luJnreand ni Tin*; 111 the St:itOfc !.iid 
Tmitorm* west oT the Rocky Mountains tor 1871, p. 317, 1872. 

* Raymond, I,. W., op. cit. lor 1S73, p. 271,187-1. 


nnces were leased to the Crismon Bros., in 
whose mine, tho Crismon-Mainmoth, a huge 
vein had been opened. At this time (1S74), 
five furnaces and four mills were being operated 
in the district. 

The Crismon-Mammoth Co. early in 1882, 2 
after some experimentation, erected two mat¬ 
ting furnaces, and when a trial had been made 
the 27-stamp mill belonging to the old company 
was closed and additional furnaces were con¬ 
structed. Eight furnaces, each having a daily 
capacity of 8 tons of ore, were in operation in 
- 1882. By this process 5 tons of ore was con- 
| verted into 1 ton of matte at a cost of 860. 

Ore from (he Crismon-Mammoth and Mam- 
moth-Copperopolis contained 35 per cent cop¬ 
per and 50 ounces of silver to the ton. 

The number of furnaces was increased to 22 
in all 4 during the early part of 1884 and a 
refinery was nearly completed, when the death 
of the principal member of the English syndi¬ 
cate that had purchased tho property brought 
further operation to a standstill. The concern 
* broke up, leaving a heavy indebtedness. 

In tho early part of 1886 some calcining fur¬ 
naces, newly orocted, were reported to be work¬ 
ing well on Mammoth ore. The matte was 
shipped to Argo, Colo. In September of the 
same year these furnaces were pronoimcod a 
failure. 

Nothing further is recorded of attempts at 
smelting in the district until 1908, when the 
Tintic Smelting Co. erected furnaces at Silver 
City for treating lead and copper ores from a 
number of mines controlled by the Knight 
syndicate. Before the eud of tho year two 
lead furnaces, each having u capacity of 250 
tons, were ope,rating, and a copper furnace was 
about ready to be placed in operation. Two 
additional lead furnaces, making four in all, 
were added in 1909 and operated until October. 
The lime and iron for flux were supplied from 
near-by quarries and mines of the smelting 
company, and as the ores of the district are of 
a siliceous nature fluxing conditions were ideal. 
Coke was shipped from Snnnysido, Utah. An 
average of 15 different slag samples taken at 
random is reported to have shown a loss of 1.7 
ounces of silver to the ton and 0.7 per cent of 
lead. 


* Director of Mtot Rept., 1882,p. 257. 

* Idem, 1883, p. S2S. 
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This venture was tho last of the attempts at 
smelting in l ho Tin tie district. Although u 
success in smelting, thoTintic Smelting Co. was 
dominated by other more powerful interests 
and the lowering of smelting rates made it more 
profitablo for tho producing mining companies 
to ship to tho smelters near Salt Lake. Tho 
smelter was dismantled in 1915. 

MILLING. 

The first mill in the district was started at 
Homnnsville in 1872 for the treatment of ores 
from tho Eureka Hill mine by tho amalgama¬ 
tion process. It. was equipped with a Blake 
crusher and 12 revolving stamps having a ca¬ 
pacity of treating about 25 tons of ore a day. 
Very littlo work was done by this plant, and it 
was finally removed to a site 8 miles south of 
the Mammoth mine, whore it formed part of 
the 27-stamp mill constructed and enlarged 
betwcon 1870 and 1S79 to treat eras from the 
Crismon-Mammoth mine. The additional parts 
of this mill woro obtained from other aban¬ 
doned mills, tho Opliir (Enterprise) furnishing 
5 stamps and tho Miller 10 stamps. 

The second mill erected at Homansville was 
tho Wyoming, built by an Ohio concern 
called the Wyoming Mining & Milling Co., which 
started January, 1873/ on oro from tho old 
Wyoming mine/ afterward tho Eagle and now 
part of tho Eaglo and Blue Bell. This mino 
failed, and tho company bought others 3 and 
milled much oro. The Wyoming mill was 
equipped with 10 stamps, 4 amalgamating 
pans, and tho first Stctefeldt cldoridizing 
roaster furnace erected in Utah, which had a 
capacity of 30 tons. The mill is said by Col. 
Joseph M. Locke, its manager, to have been 
the only one that was successful at that time, 
as all tho other mills tried to work the ores as 
free-milling ores, handling some oro from the. 
immediate surface with a measure of success 
but failing with other ores. Antimony caused 
the ciiief trouble, which was overcome, accord¬ 
ing to Col. Lock©, by thoroughly cldoridizing 
it and then, with the aid of steam passed into 
tho shaft of the Stctot’eldt furnace, driving it 
off as chloride. The mill was not run steadily, 
owing to the scarcity of ore of the class which 

• Tenth Census, vol. 13, i>. 4-W, ISO. 

* Tower, G. W., Jr., utxl Smith, G. O., op. elf., p. T.W. 

» Among them prcbohly tho Sunbeam, which, according to CoL 
Joseph M. l.ocko (stolen, ent IMdo to 0. V. LougiUin May '&>, 1914), 
was owned by the company. 


tho mill could treat. Tho oro was mined 
usually in small lots by lessees and hauled to 
tlie mill, and when sufficient ore. had accumu¬ 
lated to make a run tho mill was put into com¬ 
mission. It ran in this way imtil 1878, closing 
thou because its largest shipper, tho owners of 
tho Crismon-Mammoth mine, attempted to mill 
their own ore. 

According to the ore record of tho Wyoming 
mill, it treated from the Crismon-Mammoth 
mine between April 29, 1876, and Juno, 1877, 
ore aggregating 1,907 tons containing gold and 
silver. The average of 547 tons treatod in 1877 
assayed Si 1.74 in gold and 52.56 ounces in 
silver to tho ton. As a general rule milling 
companies did not pay for gold until 1876, and 
as no assays were made by the miners except 
for silver the millman hod the advantage. It 
was after this time that the muio owners at- 
: tempted to mill their own ores. 

In the spring of 1874 Col. Locke took charge 
of tho Wyoming mill and, in February, 1877, 
lie purchased it. The mill was afterward 
bought by the Tiutic Mining & Milling Co., 
which bogan operations July 14, 18S0. After 
this time the charges for working the ore were 
$25 a ton and the company guaranteed 80 per 
cent in bullion of tho assay value of tho silver 
and also of the gold if it exceeded $10 a ton. 
The product of this mill while under Co1. 
Locke’s management, from the spring of 1874 
to the spring of 1S7S, was S39,05S.73 in gold 
aud $241,112.23 insilver recovered from 3,261.7 
tons of ore. 4 In 1SS0 this mill was again put 
into condition for operation, and in 1881 it 
commenced on custom ores. It treated mostly 
Northern Spy oro in 1S82, and operated almost 
continuously up to 18S6. 

In 1873, before the purchase of tho Wyoming 
mill, the Tiutic Co. built near Diamond a plant 
known as tho Miller mill, with 10 stamps, wet 
crushing for custom work. Leaching 5 was un¬ 
successfully attempted here in the spring of 
1879. Also in 1873 another plant, known ns 
the Shoebridge or Ely mill, was built 6 miles 
south of Diamond for custom work. It had 15 
stamps and 1 Aiken roasting furnace, and ran 
irregularly until February, 1877, when the 
i company failed. 0 The Hunt & Douglas process 
was introduced in 1876. The property was 

* Teulb Census, voL 13, p. 446, l&SU 

»Idem, p. 4J6. This report circs a full deacripljou of (lie mill. 

• Idem. p. -US. This report gives a lull description of I be mill. 
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bought in 1878 by S. P. Ely, who ran it as a 
custom mill between October, 1878, and Sep¬ 
tember, 1879. The process used at the mill, to a 
small extent, was to crush dry, roast with salt, 
treat by the Hunt & Douglas method for silver 
and copper, and then amalgamate in pans for 
gold. Sometimes amalgamation was performed 
first, and the tailings, if assaying over 12 ounces 
to the ton, were then treated by the Hunt & 
Douglas process. 1 As equipped the mill wits 
eapable of treating 10 tons of ore daily and was 
housed in a building 80 by 45 feet, containing 
six agitator tanks 9 feet in diameter and 5 feet 
high; six leaching tunics of the same size; five 
storage tanks above agitators, 7 feot in diameter 
and 6feothigh; three box vats for filters, 2$ feot 
square and 14 feet long; fourteen silver-pre-. 
cipitating tanks, 4 feet in diameter and 26 
inches deep; and sixteen copper-precipitating 
tanks of tho same size. The radl operators 
offered to purchase or work ore at 80 per cent 
of tho a^say valuo of the ore in silver and cop¬ 
per, plus 50 per cent of the assay value of tho 
gold if over $5 a ton, less 825 for working. 

The Maminoth-Copperopolis mill was erected 
at Roseville, 6 miles from the mine, to treat the 
gold ores of the mino, in 1873, about the same 
time or shortly before its smelter was con¬ 
structed, 3 but it was soon found that the largo 
quantity of copper present in the ore impeded 
operations very much. The equipment con¬ 
sisted of fifteen stamps of 750 pounds each, six 
amalgamating pans, three settlors, and one 
agitator. Tho mill had a capacity of 224 tons 
of ore for each 24 hours. 

Tho Crismon-Maiumotb 27-stamp mill was 
built 8 miles south of the mine between De¬ 
cember, 1876, and I'Jpbrunry, 1S79, and crushed 
wet until March, 1880. A White & Howell fur¬ 
nace was then added but was soon shut down. 
Wet crushing was again begun in August, 1880. 
Besides a chloral izing roasting furnace there 
were seventeen 750-pouud stamps, ten 550- 
pound stamps, a rock breaker, five pans, three 
settlers, and a retort. Tho tailings on hand 
in 1880 were said to assay 89 or more to tho 
ton in gold and silver. The mill was closed in 
1882. 

* Pivovjt dt\* t:I xd by R. W. Rnymcitn'. (Stullrrics of mind and min¬ 
ing In tho Blair* aud Tvrrl lories of th* Botky ^fountains for 1W75, 
p)\ 3*V-H0, 1M77). 

* Raymond, R. W., Btalistir's of min ox and miming In 4 .ho States ond 
Territories west of the Rock)* Mounltiins for 1$73, p. 274, 1.S74. 


In 1891 ft lo-stamp mill was equipped by 
John Shettle to treat Mammoth ores by the 
lixiviation process. Forty tons was being 
treated daily, assaying 18 ounces of silver per 
ton, and 15 more stamps were being added. 3 
'Phis mill was sold to the Tiutic Milling Co. in 
May, 1892, and worked Northern Spy ore aver¬ 
aging 820 in gold and silver to the ton. 

Between 1886 and 1893 nearly all the mines 
were shipping ores to the smelters for treat¬ 
ment, and all ores not having sufficient value 
to warrant their transportation were accumu¬ 
lated on tho waste dumps. As the district 
contained no wator available for milling, it 
was impossible to make any use of these ores. 
However, during 1893 tho Mammoth Mining 
Co. constructed a pipe line from Cherry Creek, a 
distance of 20 miles, and erected a large pump¬ 
ing plant, with a capacity of 600 gallons a 
minute, at a cost said to have been about 
S130,000. During the some year the construc¬ 
tion of quartz mills was begun, and in 1895 
there wero four pan-amalgamation plants of 
the most modern type operating in the dis¬ 
trict—the Eureka Hill, 100 stamps, daily ca¬ 
pacity 250 tons; Bullion Beck, roller mill and 
concentrating plant, daily capacity 200 tons; 
Mammoth, 60 stamps, daily capacity 180 tons; 
and Farrell or Sioux mill, 20 stamps, daily 
capacity 60 tons. The Mammoth and Farrell 
mills wore at Robinson. The}' operated very 
succcssfull}' on the lower-grade ores of the dis¬ 
trict and shipped both bullion aud concen¬ 
trates. The richer ores were shipped to the 
smelters in tho vicinity of Salt Lake City and 
elsewhere. Later the smelters and ore buyers 
offered better prices and the railroads lower 
rates on some of the ores that were being 
milled, making it an object, to ship instead of 
mill, and so all the milling plants were soon 
closed. 

In 1905 concentration mills were built on 
the Godiva and Uncle Sam properties, using 
water piped from Homausville, 2 miles away. 
The Uncle Sam mill reverted to the May Day 
Co. some time later. It was dismantled in 
1916, and the building was used for storing ore. 
Attempts were made by lessees of the May Day 
property to concentrato the carbonate ore 
dry during the time the mill was in existence 
and resulted iu a very good grade of cerusite 


1 Eng. and Jliu. Jour., Oct. 3,1801. 
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concentmto. The process was that patented 
by Dietz & Keodv. 

Beginning in 1913 the old ore and tailing 
dump of the May Day wns treated in a cyanide 
plant operated by lessees. In the later part of 
1913 a mill was completed at Silver City to use 
tho Knight-Christcnscn process of chloridizing, 
roasting, and leaching, which was being adapted 
to treat the low-grade ores of theKnight mines— 
Iron Blossom, Colorado, Beck Tunnel. Black 
Jack, Dragon, and Swansea. The ores from 
these mines are said to afford an excellent va¬ 
riety of oxidized, sulphide, and siliceous ma¬ 
terial, from which to make a mixture most 
suitable to the process of treatment. On April 
6, 1915, before certain mechanicul difficulties 
could bo overcome, the. plant was destroyed by 
fire. Reconstruction began on the site of the 
abandoned Tintic smeller in July, 1915, by the 
Tin tic Milling Co., newly organized by a con¬ 
solidation of the Knight-Christensen Metal¬ 
lurgical Co. and the Mines Operating Co., which 
had operated successfully for two years at 
Park City, using tho Holt-Dern process of 
masting. The new mill was at first equipped 
with three Holt-Dern roasters and one Christen¬ 
sen roaster. The latter was discarded and 
eight more Holt-Dern roasters were added in 
1916, when operations on a commercial scale 
began. 

At first about 150 tons of ore was treated 
daily. This quantity was subsequently 
doubled. The ores treated contain silver ns the 


principal metal, with copper, gold, and lend, tho 
content ranging from 4 to 30 ounces of silver 
and 0.03 to 0.20 ounce of gold to the ton, 1 to 2 
per cent of lead, and from a trace to 2 per cent 
of copper. The lead is not recovered. The 
sulphides from the Swansea mine provide, 
with the addition of powdered coal, the fuel 
necessary to the ore mix tme in the chloridizing 
roast. Briefly the process consists in roasting 
a mixture of ores, salt, and powdered coal, con¬ 
densing the acid roaster gases ill salt solution, 
leaching the roasted ore with tliis solution, and 
precipitating the metals on scrap iron. About 
13 cars of precipitate containing gold, silver, 
copper, and some bismuth have been shipped 
to different smelters, und 3 cars of bullion 
containing 800 to 2,000 ounces of silver and 
between 4 and 5 ounces of gold to tho ton and 
SO to S5 per coat of copper have been shipped 
to an eastern refinery. 1 

Tests were mado at the Eureka plant of 
the Utah Mineral Concentrating Co., a con¬ 
centration plant of 100 tons daily capacity 
built in tho later part of .1914, by equipping 
it with rolls, tube mill, and Isbell concentra¬ 
tors. Low-grade ores from various ports of 
tho Tintic district, and from tho Chief mine 
especially, wore intended for treatment in tho 
plant. Tliis plant was closed for an indefinite 
period in 1916 on account of financial diffi¬ 
culties. 

» Inlen*le*3 wiUi Mr. Crorjr« Dorn, Dec. 22; ID I/*, nnd July 2, 1017. 
For detailed article shewing flow nhc*?t of Knfgfii'Chrbl<m«>u mill, 
with Uhistmlous and full description of pror*^*, w? Met. nu<i Cliem. 
Eng., Dfct:., 1014, p. 737. 




Part III—THE ORE DEPOSITS. 


By Waldemar Lindorew 


LOCATION AND DISTRIBUTION. 

'lT:ui oro deposits of the Tintic district are 
found only in a small part of the East Tintic 
Range in which there are great areas of rhyolite, 
of monzonito porphyry, and of latito that are for 
the most part barren of ore deposits. The dis¬ 
trict proper forms a small area, mainly on the 
western slope, measuring about 4 miles from 
north to south and 2 miles from east to west-. 
(Sec fig. 1, p. 15; fig. 15; and PI. IV, in pocket.) 
It extends from Silver City to a point north of 
Eureka. There arc, however, outlying areas 
that contain deposits of greater or loss value. | 
On the south proapocts are found from Silver 
City to Diamond; on the east are the deposits 
of the East Tintic district, about 2 miles east 
of tho divide of the range; on the north, about 
9 miles from Eureka, are the Scranton mines 
of the North Tintic district, but in the same 
region there are large limestone areas prac¬ 
tically barren of ore deposits. 

The general mineralization reached its maxi¬ 
mum in tho area of monzonile east of Silver 
City—an area I A miles long and 1 mile wide— 
but in this vicinity there are few mines that 
have yielded a great production. The mon- 
zonite and adjacent parts of the other igneous 
rocks are extensively altered aud impregnated 
with pyrite; these rocks are also traversed by 
a great number of fissure veins having a gen¬ 
eral northeasterly trend and steep dip, some of 
which have yielded considerable amounts of ore 
from their oxidized zones above water level. 
Among the mines on these veins are tho Un- ( 
dine, Sunbeam, Martha Washington, Murray 
Hill, Silver Bow, and Swansea. The Swansea 
mine is in the intrusive Swansea rhyolite near 
tho mouzonite contact. There is no distinct 
line between the monzonito and tho altered 
latito porphyry (in part, at least, effusive) on 
the wist, and the veins cut both rocks. This 
mineral zone is 1A miles wide from east to west, 
but very little work has been dona on these 


deposits in the Inst 20 years. In most of tho 
mines work was stopped when large quuiil itics 
of water were encountered from 100 to -100 feet 
below tho surface. The Swansea is tho only 
one of these mines that has been worked below 
water level in recent years. 

The sedimentary rocks north of the nion- 
zonite arc not generally mineralized, but the}' 
contain a number of vein zones along which tho 
limestone and dolomite are silicified for widths 
ranging from a few feet up to 200 or 300 feet. 
Outcrops of ore occur in places, but an; neither 
continuous nor common and arc confined chiefly 
to the southern part of the limestone area. 
The grout mass of tho sedimentary rocks is 
barren of ores and mineralization. The main 
mineralized zone of the monzonito crosses tho 
contact at three places, but it is not possible at 
any one of these places to trace continuous out¬ 
crops, and the northward continuation of this 
zone forms tho Mammoth vein zone in tho lime¬ 
stone. 

Four vein zones, of northward trend, arc 
I recognized in the limestone. For purposes of 
description these uro called, begimiiug with the 
westernmost, (1) the Gemini zone, comprising, 
from north to south, tho Ridge’ aud Valley, 
Gemini, Bullion-Beck, Eureka Hill, and Cen¬ 
tennial mines; (2) the Mammoth zone, com- 
I prLsiug, from north to south, the Chief, Eagle 
and Blue Bell, Victoria, Grand Central, Mam¬ 
moth, Golden Chain, Opohonga, Lower Mam¬ 
moth, and Black Jack mines; (3) the Godiva 
zone, comprising, from north to south, tho 
Godiva, May Day, Uncle Sam (Humhug), Utah, 
Northern Spy, Carisa, Red Rose, and North 
Star mines; and (4) tho Iron Blossom zone, 
comprising, from north to south, tho Beck 
Tunnel, Colorado, Sioux, Iron Blossom, Gov¬ 
ernor, and Dragon mines. 

Tho Gemini zone does not cross tho monzo¬ 
nito contuct but is closely connected with tho 
Mammoth zone in the lower workings of the 
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Centennial Eurokn and Grand Central mines, 
as outlined in tho following paragraph. 

At a depth of about 1,700 and 1,S00 feet in 
the Lower Mammoth mine a continuous vein 
crosses the contact into the limestone and has 
been modonitoly productive. A littlo uortli of 
tho Lower Mammoth a series of north-norl h- 
oustorly and northerly fissures carries tiie ora 
into tho Gold Chain, Ajax, and Mammoth 
properties. Tho Mammoth is ouo of the most 
productive veins of tho district. A lateral fis¬ 
sure a littlo to tho west curries the oro on north¬ 
erly fractures up through the Grand Central, 
Victoria, Eagle and Blue Boil, and Chief mines, 
oil in tho Mammoth zone. A westward-dip¬ 
ping fissure in tho Grand Central carries the 
oro down to a depth of 2.200 foot, whence it 
communicates with the lower flat ore bodies in 
tho Centennial and thence asccuds in the two 
great ore columns of tho Centennial, which fol¬ 
low strong easterly dislocations. From the 
upper levels of tho Centennial the oro, now in 
tho Gemini zone, is governed by northerly fis¬ 
sures, which carry it through the Eureka Hill, 
Bullion-Beck, Gemini, and Ridge and Valley 
mines. Much money has boon spent in pros¬ 
pecting the limestone hills north of Robinson, 
but no success has boon achieved; nono of tho 
northerly fractures appear to bo ore-bearing 
south of tho groat oustorly dislocations in tho 
Centennial mino. 

The Godiva and Iron Blossom ore zones lie 
oast of the divide and aro separated from tho 
Mammoth zouo by a bolt of barren limestone 
throe-fourths to 1 mile wide, which, where 
traversed by tho Sioux-Ajax tunnel, proved 
almost entirely lacking in mineralization. 

Tho Godiva oro zone crosstvs into tho sedi¬ 
ments 1,500 feet southwest of tho North Star 
mine, though the outcrops aro not continuous. 
It follows first a well-defined fissure system 
through the Red Rose, Carisa, and Northern 
Spy mines, turns northward, and is traced 
through the Utah, Humbug, May Day, Undo 
Sam, and Godiva mines to a point where the 
barren rhyolite covers tho limestone. 

The Iron Blossom oro zono also docs not 
crop out continuously, but it crosses the con¬ 
tact of nionzonito and limestone at tho Dragon 
mine and continues as a well-defined fissure 
vein through tho Black Dragon and Governor 
claims iuto tho great Iron Blossom property 
and thence through the Sioux, Colorado, and 


Beck Tunnel mines, north of which it has not 
been found, but near which it is connected by 
cross fractures with tho Godiva ore zone. 
North of tho Sioux-Ajax cross fault the do- 
posit loses its vein character and follows the 
hods, which here lie flat, so that the ore body 
evidently represents the intersection of the 
northerly fractures with a limestone bed that 
wits particularly susceptible to replacement. 

RELATIONS OF DEPOSITS TO FRACTURES. 

FRACTURES EN IGNEOUS ROCKS. 

Iho relation of the ore bodies to fractures 
has been fully discussed in the earlier report 1 
and is oiso referred to in Part I of this volume, 
so that briof comments will suffice here. 

Tower and Smith observe that tho fractures 
in the igneous rocks, particulorly in tho Swan¬ 
sea rhyolite and tho monzonite near Silver 
City, in general trend N. 15° E. or N. 35° E.; 
a less number lie between those trends, and a 
few trend N. /0 E. or, as in the Swansea vein, 
a. little west of north. l'W of the veins that 
follow these fractures aro persistent for long 
distances, but some of thorn are traceable for 
half a mile. Junctions and cross fractures oro 
observed in places. Most of tho fractures dip 
75 — &5° NW. or WNW. A few smaller de¬ 
lfts occur south of the Tintic district in tho 
volcanic rocks of Sunrise Peak, from which 
this group of veins appears to radiate. The 
Packard rhyolite and the latite aro irregularly 
fractured in tho manner of flow rocks. 

FRACTURES IN SEDIMENTARY ROCKS. 

Tho fractures in the sedimentary beds are 
more complex than those in the igneous rocks, 
and they nro present in all parts of the area, 
irrespective of mineralization. It is evident 
that by far the greater part of the fracturing 
and faulting antedates the epoch of mineral¬ 
ization, and in fact many of the fractures 
antedate the beginning of the volcanic period. 
Fractures and dislocations later than the 
mineralization are rare; some movements of 
this kind were observed along the easterly 
faults in the Centennial mine and were proved 
by tho occurrence of polished faces of ore, but 
they merely represent slight recurrent move¬ 
ments along old fractures. Some of the most 
extensive faults had so nearly healed at the' 


> Towor, C,. W„ Jr., imd Smi’.h, G- O., op. eit., pp. 077-483. 
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lime of the genesis of the ore deposits thut they 
hud little or no influence on the course of the 
oro solutions. Of this character are tho great 
faults in Eureka Gulch and some of those on 
the ridge south of that gulch. On the other 
hand, the Sioux-Ajax fault changed to a marked 
degree the form of the deposits of the Iron 
Blossom zone. 

For tho ore deposition the most important 
though not the most conspicuous fractures are 
those which trend approximately north and 
which generally have a vertical or steep 
easterly dip. These are especially abundant, in 
the western part of the syncline, where the 
strata stand nearly vertical and where slipping 
parallel to the beds has taken place, but they 
also occur in the eastern part of tho district, 
where tho strata arc flat. Some of these 
fractures intersect the hods at a very aeutc 
angle. 

Fractures trending north-northeast are espe¬ 
cially numerous in the vicinity of the Ajax and 
Mammoth, and the ores follow them alternately 
with tho northerly fractures. 

Fractures trending northeast to east and 
dipping50°—70° S. are very common, and many 
of them arc. relatively open. In some places 
where the northerly fractures prevail—for 
exam pie,in the Gemini and Eureka Hill mines— 
the ore locally follows these ‘‘cross breaks," 
ns they are called in the district. Tho most 
conspicuous examples are the two great 
onstcrly cross breaks in the Centennial mine. 
South of those cross breaks there is no mineral¬ 
ization along tho northerly fractures of tho 
Gemini oro zone. 

Ore-hearing fractures trending northwest or 
north-northwest nro rare and usually stand in 
relation to tho handing or offsetting to the 
west which is observed in Eureka Gulch, for 
instance, near the Bullion Beck mine and in 
the Victoria and Blue Boll mines. 

Fractures striking X. 30° E. and dipping 
60°-80° NNW. arc of considerable importance 
in the Mammoth and Grand Central mines. 

It is probable that the northerly fractures 
and most of the north-northeasterly fractures 
uro of the same age and that they belong to 
a single fracture system which, beginning in 
the monzor.itc area, continues northward 
through the area of sedimentary rocks. South 
of the Sioux-Ajnx fault, for instance, the ore- 
bearing fractures chnngo in strike from north 


to north-northeast. Most of tho mineralized 
“cross breaks" trending approximately feast, 
were probably formed or reopened at tho same 
time or a little later. 

The greater dislocations havo taken place 
along tho northeasterly and easterly faults 
(see pp. 78-S7); t he movement along the north¬ 
erly fractures is probably considerably smaller, 
though it can rarely be measured. 

UNDERGROUND WATER. 

GENERAL CONDITIONS. 

In the limestone area the water level is un¬ 
usually low and is found at a depth of 1,650 to 
2,400 feet below the surface. One mine, the 
Mammoth, has not yet reached water at a vor¬ 
tical depth of 2,362 feet. On the other hand, in 
tho monzonite water is ordinarily found within 
a few hundred feet, of the surface. These un¬ 
usual relations are caused by the complex and 
extonsivo fracturing of the limestone, which 
allows the water to sink to great depths. 

Tho position of the deep underground waters 
of the region is controlled by the lowest level 
of discharge—that is, by the level of Utah Lake, 
at the foot of the Wasatch Bunge, at an altitude 
of about 4,500 feet. Tho water in the deep 
shafts is ordinarily found about 200 or 300 feet 
above this level. 

The summit line of the East Tintic Range 
reaches 8,000 feet. At its easterly foot, 9 
miles from the summit, lies Goshen Valley, at 
the foot of tho Wasatch Range, at an altitude 
of 4,500 to 4,800 feet. On the west extends 
the Tintic Valley, which lies at an altitude of 
about 5,800 feet. In the thoroughly fractured 
limestone the water level thus lies extremely 
deep and has a very gentle slope to the north¬ 
east. The water appears to be. irregularly dis¬ 
tributed, and thcro are mouy local pockets liigh 
above the permanent level. 

.Another local water level is found i n the rhyo¬ 
lite where it overlies the dry limestone. The 
lower parts of the Packard rhyolite are in places 
clayey and soft and are able to hold a consider¬ 
able quantity of water which can be locally 
utilized for boilers. Still another local water 
level occurs at the bottom of the detritus that 
fills tho valleys, such os Eureka Gulch and the 
valley near Homnnsville. The water found at 
this level is better suited for chinking than any 
other in the district. 
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QUALITY OF WATER. 


The water in the monzonitc and associated 
lava Hows to tne south of the district is usually 
ot good quality except in the mines that con¬ 
tain much pyrite. Springs appear in places. 
No analyses of this water are available. 

The shallow water in the rhyolite, found at 
100 to 300 feet below the surface, contains in 
places much calcium sulphate, locally in such 
amounts ns to interfere with its domestic and 
industrial use. Fairly pure water, however, is 
obtained in the detrital deposits in the upper 
part of Eureka and at Homansville, on the east¬ 
ern slope. . The wells at Homansville, which 
supply some of the mines, aro from 100 to 26.1 
foot deep, and yield a flow of 25 to 80 gallons 
a minute. 1 

An analysis of the water from the Eureka 
Hill pumping plant ut Plomansville gave the 
following composition, in parts per million: 


Analysis of unter from v dh at Homansville, U(ah. 


[Sl.iclu by tbi- Dearborn Drug Jfc Chemical CcO] 


SiO-. 

Al/M-Fe,O a 

Ca. 

Mg. 

Na+K. 


(50 

0.9 

■44 

29 

00 


ECO*. 

SO,. 

Cl. 

Total solida 


1153 

65 

43 

400 


This U a relatively pure water. The amount of mag¬ 
nesia is unusually liigh. 

The water from the deep levels in the lime¬ 
stone is fairly pure and does not contain any 
deleterious substanees, such as lead, copper, 
and arsenic. 

An analysis of the water from the Gemini 
mine in the shaft 1,650 feet below the surface 
gave the following result: 


Analysis oj nine v,aV.rfrom I , ilHO/oc l level of Oanini miri c. 

[Parts ]xsr million. Chase* Palmor, analyst.] 


Na(K). 

. 75.6 

nco 3 . 

205.2 

Cu. 

Mg. 

Fc, Al. 

. 115.9 

. 21.5 

.Trace 

SLO. 

21.4 

7G0.0 

SO. 

. 121.0 

Total solida at 130°.. 

718 

CL,. 

CO-,. 

. 121.4 

. 12.0 

Loss cn iguilioa. 

78 


The water contains no free C0 3 and no copper, lead, or 
arsenic. 


Another analysis of the Gemini mine water, 
made by Herman Harms, of Salt Lake City, 
for the United States Smelting & Refining Co., 

i Meinzer, O. K., Ground w.ilvr In Juab, Milhud. and Iron countlces 
Utah: U. 8. 0«?ol. Survey Water-Supply Paper 277, p. S6, 1011. 

1 This analysis r.w originally given In hypothetical oorabinalloni and 
!n grains per gallon. AN the carbonates aroro recalculated a* bicar- 
borates by O. E. XfoUuor (op. c;t., p. &5). 


gave 170 purts per million of solids dried at 
100° C., including 178 parts per million of 
calcium carbonate (CnCO a ), 29 of magnesium 
carbonate, 17 of silica, 106 of sodium chloride, 
and 50 of magnesium sulphate. 

An analysis of mine water from the 2,000- 
foot level of the Centennial Eureka mine, made 
by Mr. Harms, gave for total solids at 100° C., 
403 parts per million, of which 106 was calcu¬ 
lated as calcium carbonate, 17 ns calcium 
sulphate, 74 ns sodium chloride, 20.5 as 
magnesium carbonate, and 106 as magnesium 
sulphate. 

Analyses of waters from both the Gemini and 
the Centennial mines are normal for sedimen¬ 
tary carbonate rocks in arid climates, and show 
no unusual constituents nor any in abnormally 
huge quantities. There is relatively much 
magnesium and a much greator quantity of 
I chlorine than is usually found in humid 
climates. The prevailing dolomites account 
for the large amount of magnesium. 

WATER LEVEL AT THE MINES. 

The position of the deep water level in the 
Tintic district, is shown in figure 16, which 
gives three sections from north t o south along 
the three principal ore zones over a distance of 
about 34 miles. The Gemini zone lias a com¬ 
paratively high water level, standing at 4,813 
and 4,851 feet in the Gemini and Centennial 
mines, respectively. Farther south in the 
Opex it sinks to 4,791 feet. 

The water level in the Mammoth zone is 
4,755 and 4,759 feet above the sea in the Chief 
and Grand Central mines, respectively; farther 
south, in the Mammoth, no water has been 
reached at 4,690 feet, and in tho Lower Mam¬ 
moth it is only reached at 4,682 feet, which so 
far is the lowest water level found in the 
district. It. seems, therefore, as if the water 
stands at its lowest level in the vicinity of 
Mammoth Gulch, above Robinson. 

The mines of the Godivn and Iron Blossom 
ore zones are situated at liighcr altitudes and 
water has been reached only in the Iron Blos¬ 
som No. 1, in which it stands at 5,375 feet; 
but this is probably a local water level, for 
the water from the sump is carried by means 
of a hose into a diamond drill hole 500 feet 
deep, dipping N. 56° W., at the bottom of the 
shaft, and disappears in the hole. In drifting 
south along the bottom level flowing water was 
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encountered in limestone about 1,000 feet from 
the shaft. Water for drinking is pumped from 
a diamond-drill hole 1,130 feet deep, directed 
S. 54° E., also at the bottom of the shaft. 

In the Dragon mine, which is the southern¬ 
most deep shaft on this line, no water was 
found at. a depth of 1,000 feet, but drifts into 
the porphyry toward the south on the 800 and 
1,000 foot levels soon encountered water flow¬ 
ing from fissures. 

In the monzonite and porphyry area the 
water level ordinarily stands at a few hundred 
feet below the surface, or at altitudes from 
5,500 to 6,000 feet. 

QUANTITY OF WATER. 

The water is generally encountered in large 
quantities and concerted action among mine 
owners will be necessary before any consider¬ 
able advance below water level can be made. 

In the monzonite and related porphyry the 
quantity of water encountered was large 
enough to stop mining operations. No ordi¬ 
nary pumps used at that time were sufficient. 
In the Swansea mine a steam pump was 
installed in the 700-foot level, and the water 
level, which was originally met at 650 feet 
below the surface was lowered to the 940-foot 
level. 

In a shaft on the Iron Duke mine, 370 feet 
deep, the/ water level is 100 feet below the 
surface. Tho (low on the 350-foot level is said 
to have been 4,000 gallons a day. 

At the Gemini mine, in tho 300-foot winze 
from the 1,650-foot level, the water was held 
at 300 feet below water level by electric pumps 
lifting 300 gallons a minute. After the pumps 
were disabled the water rose to its former level. 
When this mine was studied by the writer 
20,000 gallons a day of seepage water from the 
mine was being dumped into this winze with¬ 
out affecting the level of tho water. Along 
the Gem or westerly channel the workings are 
wet for 300 feet above tho water level. At 
other mines there is little dripping water abovo 
the permanent water level. 

In the Centennial Eureka, along the same 
zone, the water level was found at an elevation 
of 4,Sol feet, 2,036 feet below the collar. 
Largo pumps were installed on level 20, or at 
an altitude of 4,671 feet. Much water was en¬ 
countered in a drift from level 20 that was 
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bulkhendcd some distance from the shuft. In 
1911 about 1,000 gallons a minute was pumped 
to the tunnel level, and the water was used to 
irrigate a small rancli near the mouth of Eureka 
Gulch. After 1912 pumping was discontinued 
and the water rose to 75 feet below level IS, or 
57 feet lower than the original level. 

At no other mine have largo pumping opera¬ 
tions been attempted. 

drainage of the district. 

Plans have recently (1915) been published 
for a drainage tunnel for the district, principally 
with the view of draining the monzonito terri¬ 
tory, in which water is now encountered close 
to the surface and which is believed to contain 
a considerable amount of ore distributed in 
many veins. Such a tunnel would cut tho 
present shafts above tho water level in the 
limestone but of course would facilitate pump¬ 
ing by lessening the height to which the water 
must be raised. The plan is feasible and com¬ 
mendable. The tnnuel would have to start 
from Goshen Valley, 5 miles away, at an alti¬ 
tude of 5,000 feet. On a grade of 1:300, or 88 
feet in 5 miles, the tunnel would roach the bot¬ 
tom of Iron Blossom No. 1 shaft at an altitude 
of about 5,075 feet, or 2,200 feet below tho 
collar, and the Sunbeum shaft at an altitude of 
about 5,090 feet, or 1,440 feet bolow tho collar. 

MINERALIZATION. 

GENERAL FEATURES. 

In the precoding statements it is shown that 
tho ore deposits of Tintic follow a system of 
fractures which begin in tho monzonito, mon- 
zonite porphyry, and Swanson rhyolite porphyry 
near Silvor City and continue with a general 
northeasterly trend toward tho contnct of the 
igneous and sedimentary rocks; north of the 
contact, in tho sedimentary rocks, the deposits 
follow n more complicated fracturo system with 
predominant northerly trend, but the minerali¬ 
zation is not so general as in the igneous rocks, , 
being confined to four ore zones, in part con- j 
nected, known as the Gemini, Mammoth, 
Godiva, and Iron Blossom zones. 

The deposits may conveniently be consid¬ 
ered in two divisions—those in igneous rocks 
nnd those in sedimentary rocks. To these 
should bo added a small class of oxidized 
iron ores that have been formed at or near tho 
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contact between the sedimentary and the ig¬ 
neous rocks. 

The two main divisions are characterized by 
tho same general mineral composition. The 
principal gongue miueruls are qnartz and barite, 
the quartz usually in tho form of fine-grained 
jiispcroid. The principal ore minerals are 
galena and enurgite. Zinc blonde and pyrite 
arc invariably present, though commonly in 
small quantities. There is also an unknown 
bismuth mineral which has been oxidized to 
oxide, carbonate, or arsenate of bismuth. 
Tetrahedritc, fuma unite, and clialcopyrite 
occur in subordinate amounts. 

The metals, arranged in their order of value, 
are silver, lead, copper, gold, zinc, bismuth, 
arsenic, and antimony, but the last three are 
of small economic importance. Nevertheless 
somo of the bismuth is doubtless recovered in 
the treatment of the lead bullion; some arsenic 
is recovered as Hue dust and a little of the anti¬ 
mony ultimately finds its way into hard lead 
recovered as a by-product in (lesUverization. 

DEPOSITS IN IGNEOUS ROCKS. 

The deposits in the igneous rocks have been 
worked only to shallow depths, operations 
generally ceasing ut the water level. Only 
one mine, tho Swansea, has reached a notable 
depth, its shaft extending 940 feet below tlio 
collar aud 290 feet below water level. 

The primary ore minerals of these deposits 
are, in the order of abundance, pyrite, galena, 
nnd cnargite; the gongue minerals are normal 
vein quartz, in places well crystallized, nnd 
barite; The valuable metals are silver, lend, 
copper, and in some places gold. No bismuth 
minerals have been observed. The principal 
vein filling consistsof pyrite. Thesilvcrcontent 
is highest, as a rule, in t.he galena and cnargite, 
but some of the pvrito in the Swnnseu veins is 
said to contain enough silver to make ore. 

The width of the veins is rarely mere than a 
, few foot. 

Both filling and replacement have played 
parte in the genesis of tho deposits, and the 
ore in some places grades into the altered 
country rock. 

The country rock is extensively altered to 
pyrite and scricite, with residuary quaitz. 
Some microscopic alunitc is also found in the 
veins and locally in the silicified mou/Ainite 
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porphyry. In both occurrences it has the 
appearance of being primary. 

In the Swansea mine the vein follows a zone 
of linked fissures, whose average width is 3 feet, 
and the vein minerals are commonly arranged 
in bands separated by sericitic and pyritie 
country rock. At one place, for instance, a 
section showed 18 inches of pyrito and galena, 
IS inches of galena and quartz, 30 inches of 
pyrite and quartz, 65 inches of galena, 3 inches 
of pyrite, and finally 3 inches of galcnu. No 
ennrgite or barite is found in this mine, and 
the ore contains hut little gold. An average 
sample of the ore would give 0.03 ounce of gold 
and 30.7 ounces of silver to the ton, 0.26 per 
cent of copper, 12 per cent of lend, 31.0 per 
cent of iron. 0.9 per cent of zinc, and 19 per 
cent of silica. 

Little is known in detail of the processes of 
oxidation in the oro of these deposits, for few 
of them have been worked in the last 20 years. 
Limonito and lead carbonate were the prin¬ 
cipal minerals, and much of t'ne oxidized ore 
was rich in silver. If the district is drained 
by a tunnel runny of those veins may again be 
worked. 

DEPOSITS IN SEDIMENTARY ROCKS. 

In the sedimentary rocks, which consist 
mainly of dolomite, limestone, or shaly lime¬ 
stone, the mineralization assumes a different 
type. The extensive impregnation with pyrite 
and the sericitization shown in the deposits in 
igneous rocks do not occru- except in such 
dikes ns may have broken into the strata. 
Instead the ore. zones arc marked by strong 
silicificutioil, the silica taking the form of 
jasperoid, which, with some barite, replaces 
limestone or dolomite. Some of the jasperoid 
resembles a fine-grained quartzite; in the 
northern and eastern part of the district it 
assumes a chcrty or flinty appearance. The 
color of the jasperoid is usually gray or bluish 
gray. Its width is from a few feet to 100, or, 
in a few places, 200 feet. 

In the ore shoots the jaspevoid contains 
finely disseminated galena, with some zino 
blende and pyrite and in places larger accumu¬ 
lations of the same ores accompanied by a 
quartz of lighter color and more distinctly 
crystallized; barite is also associated with this 
ore. Other ore shoots contain much ennrgite, 
with some pyrite and chalcopyvitc, or faiuati- 


nite or tetrnhedrilc. Suck copper shoots 
usually contain a little lead, especially along 
the margins; there, is much barite, and the 
jasperoid is less conspicuous. When oxidized 
these shoots contain much limonite. The lead 
shoots and the. copper shoots usually occur 
separately, but mixed shoots are found, for 
instance, in the. Eureka Hill mine. 

OXIDATION. 

The. Tin tie district is remarkable for an 
unusually low water level and a corresponding 
great depth of oxidation. The water in the 
sedimentary rocks stands from 1,650 to 2,400 
feet below the surface, according to the alti¬ 
tude of the shaft collar, and broadly speaking, 
is found about 300 feet above the level of 
Utah Lako, or at an altitude, of 4,800 feet. 
Explorations in ore below the water level had 
been undertaken only in the Gemini mine. 

The oxidation has thus penetrated to un¬ 
usual depths. On level 21 in the Mammoth 
mine, for instance, at a depth of 2,300 feet, the 
oxidation is strongly marked. The ore is 
honeycombed and limonitic and has the ap¬ 
pearance of a surface gossan. In no mine, 
however, is the oxidation complete. Residual 
masses of enargite, pyrite, and gulona may ho 
found at all levels as well as at the surface, 
though both galena and enargite are more 
abundant in the lower levels. 

The oxy-salts formed in lead and zinc mines 
consist of onglesite, cerusite, plumbojarosite, 
smithsonite, calamine, and hydrozincito; the 
copper mines yield a long series of copper 
arsenates, malachite, and azurite, more rarely 
cuprite, and native copper. The silver takes 
the form of ceravgyrite and native silver, and 
some rich oxidized ores show native gold. 

Tho oxidation is generally accompanied by 
solution of quurtz; the barite is very resistant. 
In places, however, a lit t le quartz was deposited 
contemporaneous!)' with the oxidation. 

The Tintic ores are generally soft crumbling 
masses of cellular and honeycombed appear¬ 
ance, more or less stained by limonite, and 
oxulized copper minerals and containing in 
places residual galena and enargite. Too little, 
deep work has been done to reveal much about 
oxidation below the water level. A rich 
sulphide oro 250 feet below water level in the 
Gemini mine shows some oxidation with tho 
development of small cerusite crystals, through 
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which wires of native silver pass, so <hat oxidn- 
lion certainly continues to somo extent to a 
considerable distance below water level. 

In a large part of the upper zone not enough 
oxygen was available for complete oxidation. 
In such places much galena remains, some of 
tho enargite has suffered a partial oxidation, 
and secondary clnilcocite and eo colli to have 
been contemporaneously developed high above 
water level. Proustile and argontite, found 
occasionally in some mines, were probably 
deposited during the general process of oxida¬ 
tion wherever the supply of oxygen was scant. 

No positive, conclusions have been reached ns 
tc the- existence of sulpiride enrichment below 
or at water level. A very pcculiur rich ore 
from the Gemini mine, described on page 177, 
contains galena, ponreoite, zinc blende, and 
mareasito. It occurs from 250 feet, above to 
250 feet below water level and is certainly later 
than the first mineralization. 

Oxidation is of so great importance in con¬ 
nection with the Tintic mines that a separate 
chapter is devoted to it (pp. 160-171). 

ZONES OF DEPOSITION IN A HORIZONTAL 
DIRECTION. 

The deposits of tho Tintic district show in a 
marked degree a variation of mineral associa¬ 
tion apparently dependent upon the intrusive 
monzonite. Four zones of distinct character 
may be recognized. 

1. In. the monzonite quartz occurs in well- 
developed crystals with much pvrite and some 
barite, galena, ennrgite, zinc blende, and 
chalcopyritc. 

2. In tho sedimentary rocks to a distance of 
1 tc 1| miles north of tho contact with the 
monzonite the gungue consists of somo fine¬ 
grained replacement quartz, with a few small 
druses of well-crystallized quurtz and much 
barite. The ores contain much onargite and 
in places a little pyrito, also totrahedrite and 
fama finite. There are a few lead shoots, and 
the copper shoots contain a little lead. The 
ores also carry gold, averaging in the better 
grade of oro $10 to $12 a ton, and some, silver 
prcbablv averaging 20 ounces to the ton. 

3. Farther north, in the same vein zones, 
the sedimentary rocks contain principally ga¬ 
lena, with a little zinc blende and pyrite. The 
silver content is higher than farther south, the 
average of the ores being perhaps 30 to 40 


ounces to the ton. There is practically no 
gold. The gungue minerals consist of predom¬ 
inant quartz in the form of an extremely fine¬ 
grained eliertv material replacing limestone or 
dolomite, hut there is also a moderate amount 
of barite. The quartz crystals in the dnisy 
cavities that, occur here und there are rarely 
more than I millimeter in length. This zono 
continues, so far as known, for 1 or H miles 
north of the end of the copper zone. 

4. Farther north and east, beyond the urea 
containing the lead-silver shoots, the niinentli- 
zntiou becomes more feeble. The gangue min¬ 
erals consist of enlcite, dolomite, and a little 
quartz; the ore mbieruls comprise galena and 
zinc blende; and silver is present only to the 
extent of a few ounces to the ton. 

Gold and copper seem thus to occur on the 
whole near the monzonite; lead and silver and 
zinc mainly further away. This arrangement 
may correspond to deposition in successively 
cooler zones and a gradual spreading of the 
ore-forming solutions toward tho north until 
they became so mingled with surface waters 
that their solvent power declined. 

ZONES OF DEPOSITION IN A VERTICAL 
DIRECTION. 

Far less marked is the variation bi the com¬ 
position of the ore with variations in depth in 
the bid ividual mines. The separation of the ore 
into lead shoots and zinc shoots is dependent 
upon processes of oxidation. In any one nunc 
within the copper zone leud and copper shoots 
may occur in close proximity, but there is no ‘ 
definite change with increase in depth. In 
some mbics which in the upper levels carried 
only leud copper began to appear lower down. 

GENESIS OF THE DEPOSITS. 

The mode, of origin of the. deposits is taken up 
in more detail in another place (pp. 182-1S4). 
It, is well to state here, however, that there can 
be no reasonable doubt that, all the precious 
metal deposits of the district were formed at 
one time, and that the genesis of the. ores in 
monzonite is the samo ns that of the ores in 
sedimentary rocks. The similarity of the un¬ 
usual type of mineralization in both classes of 
rocks, the general continuity in strike, and 
finally the actual tracing of one of the normal 
veins across tho monzonite-limestone contact 
suffice to prove this assertion. The deposits 
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wero probably formed bv hot waters, charged 
with igneous pnnmatioDS, rising on fissures in 
tho moiusonite after its consolidation. These 
waters pcnctrutcd the sedimentary rocks north 
of tho moiusonite and, spreading, gradually 
became cold and lost their power of minerali¬ 
zation. 

The ore deposits were formed immediately 
after the. end of the intrusive activity in the 
interior part of a cooling volcanic mass and at 
a depth of not more than a few thousand feet 
below its surface. 

ORE BODIES. 

DEPOSITS IN IGNEOUS ROCKS. 

Concerning tho form of the veins in tho ig¬ 
neous rocks not much can ho said, for little is 
known of the occurrences in tho old w or longs. 
Tho oro bodies are tabular,- varying in thick¬ 
ness from that of n seam to 20 feet. Tower 
and Smith 1 suy that the average width is 2 
feet, and that the limits of ore and altered 
country rock are everywhere well defined, 
though the two aro rarely separated by clay 
seams. The most continuous body is that of 
tho Sunbeam vein, which is 2,000 feet long. 
Tho pay shoots ore really thin lenticular bodies 
of galena oro. In tho Swansea mine, where 
the workings have been extended below water 
level, the vein runges from 1 to '0 feet in 
width. About half of this voin is composed 
of shipping ore. 

In tho Swansea mine there are two main 
shoots and several small ones. The northern 
shoot was 600 feet long on the surface and 
reached a maximum depth of 130 feet. Tho 
southern shoot has been stoped from n point 
near the surface to a depth of 800 feet aud 
through a maximum horizontal distance of 900 
[cot. Its shnpo on the plane of the vein is 
that of a T with its stem pitching 35° X. 

There seems to be no reason why some of 
tho other veins in the monzouito could not be 
profitably worked below the water level. 

DEPOSITS rN SEDIMENTARY ROCKS. 

GENERAL RELATIONS AND FORM. 

The sedimentary rocks are much more sus¬ 
ceptible to replacement than the igneous rocks 
and consequently the ore bodies within them 


are much more irregular and complicated than 
the veins in the igneous rocks. From a narrow 
fissure the oro extends irregularly on both sides 
and is rarely limited by a regular wall. If the 
ore stops at a fissuro at one poiut it may ex¬ 
tend beyond it at some other point. The 
chango from ore to barren vein material is 
usually indistinct, hut the jasperoid, which is 
the principal gangue material, is as a rulo 
sharply separated from the unaltered limestone 
or dolomite. At many places shoots have been 
mined twice—the richest ore was first ex¬ 
tracted and later on, at a more favorable time, 
the second-class ore was mined. 

As stated above (p. 122), the ore in many de¬ 
posits follows northerly fissures that are nearly 
vertical, but Lhc ore ma}' follow any fissure 
and have any dip; or it. may follow the bed¬ 
ding planes of the rock, whatever dip these 
may have. 

The ore bodies are called chambers, columns, 
chimneys, pipes, pockets, or pods; tho last is nil 
especially apt term and is applicable to many 
deposits. An ore hod} that follows gently in¬ 
clined beds is called a fiat or a blanket. Many 
of the pipes are extremely irregular, especially 
along the Gem channel in the Gemini mine; 
this channel trends X. 15° E., and the ore has 
a maximum width of 30 feet. 

Ono of tho largest ore shoots, that of the 
Mummoth, has been followed from the surface 
along its steep pitch to a depth of 2,000 foot. 
This shoot was about 200 feet in length ami 
30 to 150 feet in width. 

The longest shoot known is the fiat body of 
the Iron Blossom, Sioux, Colorado, and Beck 
Tunnel mines, which has been mined almost 
continuously for nearly 8,000 feet. For the 
first 5,000 feet it strictly follows the intersec¬ 
tion of a fissure with a certain bed of fiat-lying 
limestone and for the remaining 3,000 feet it is 
a replacement deposit along the same fissure 
but of moro voiuliko form. The greatest width 
is about. 150 feet, but for the most part it is 
considerably narrower. 

Tower and Smith remark that few of the ore 
bodies spht or send out offshoots; where nn ore 
body passes from one fissure to another, the 
first fissure is usually barren beyond the point 
of departure. This is illustrated by several 
ore bodies in the Gemini mine, which show a 
U shapo in horizontal projection, caused by 
the ore leaving a northerly fissuro for a cross 


i Towor, LI. W., Jr, and Smith, O. O., op. clt, p. 712. 
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break oriel then taking n parallel fissure. (See 
PI. XXXII, p. 1S6.) 

All ill esc facts illustrate the difficulties 
attending tlio discovery arid mining of ore 
bodies in the Tintic district. The cost of ex¬ 
ploration is high, and successful mining re¬ 
quires an intimate knowledge of the structure 
of the rocks. 

OUTCROPS. 

The large ore bodies in the sedimentary area 
crop out in few places. In fact, as pointed out. 
elsewhere, this part of the district presents to 
the observer of the surface very few indications 
of mineralization. 

In tlio monzonite the veins crop out at many 
places at altitudes ranging from 0,100 to 6,SOO 
feet. 

In the southern part of the sedimentary 
area, whero the deposits still preserve their 
vein character, outcrops are abundant, though 
few large ore bodies have been found. These 
veins crop out on the North Star, Red Rose, 
Victor, and Carisa properties at altitudes of 
7,000 to 7,600 feet, aho along the Governor 
vein at ahout 7,000 foot. 

Farther north along the same vein zones the 
outcrops are scarce and the main ore bodies lie- 
a few hundred feet below the surface, at alti¬ 
tudes of 7,000 to 7,300 feet . In the May JDny 
mine the ore reached almost to the surface, at 
an altitude of about 6,900 feet. Along the 
Iron Blossom ore zone there are no outcrops 
north of the Iron Blossom shaft No. 1, and the 
main ore bodies for 1 i miles lie 100 to 300 feet 
below the surface, at altitudes of 6,S00 to 
6,900 feet. 

Along the Mammoth ore zone there are 
prominent out crops at the Mammoth mine, at 
an altitude of 7,000 feet. Further north the 
outcrops are scarce, but one ore body reaches 
the surface in the old Eaglo and Blue Bell 
workings at 6,950 feet. North of this point 
(he ore bodies lie far below the surface. 

No outcrops are visiblo'above the Grand 
Central ore shoots, but near the Centennial 
shaft outcrops of the Now Year channel arc 
found at an altitude of 6,900 feet and continue 
unbroken for 1,200 feet almost to the Eureka 
Hill mine, ut 6,500 feet. In the Gemini mine 
no ore was found above the second level, at. 
about 6,300 feet, but a mineralized outcrop of 
the Tank channel was observed just north of 
the shaft. 


The Tintic ore deposits thus show outcrops 
in all except in the most northerly parts of the 
area, though the outcrops are rarely continuous 
or prominent. These outcrops range in alti¬ 
tude !rom 6,100 to 7,600 feet; the former figure 
practically represents the western base of the 
range, while its summit reaches 8,100 feet. 

It is thus clear that the, ore deposits are not 
limited to an}' one horizon. These relations 
, have been discussed in some detail on account 
of a statement by Jcuncy 1 to the effect that 
'in the limestone urea of Tintic * * * 
surfuee outcrops occur but seldom and are 
mainly confined to points of relatively low 
elevation where the veins cross some basin or 
ravine. Nowhere does a considerable body of 
ore outcrop on the tops or high up on the slopes 
ol the hills.'' It will be readily seen that this 
statement is not supported by the facts. 

COUNTRY HOCK. 

Of the several rocks in the sedimentary series 
certain relatively pure dolomites and limestones 
appear to be the most favorable formations for 
ore deposition. No ore deposits, except a few 
small quartz veins of no economic importance, 
occur in the basal quartzite, or the overlying 
shale of the Tintic district, nor in the arenace¬ 
ous and sluily limestone of the Humbug 
formation. The deposits of lead ore at or close 
to the quart/.itc-shule contact in the Tintic 
Standard mine, in the East. Tintic district, owe 
their presence more to the impounding influence 
of the shale than to the favorable character of 
either rock, hew ore bodies arc contained 
in the limestones of Middle Cumbrian age 
(Teutonic, JDagmar, and Herkimer limestones 
and Bluebird and Cole Canyon dolomites). 
The ores of the Bullion Beck, Eureka. Hill, 
Centennial Eureka, and Gold Chain mines 
occur in the Opcx dolomite and Ajax lime¬ 
stone, but these formations contain few' de¬ 
posits elsewhere. The shaly Opohonga lime¬ 
stone contains some ore in the Grand Central 
mine, but is otherwise generally unfavorable, 
The Bluebell dolomite carries many of the 
great deposits, such ns the Gemini, Chief, 
Engle and Blue Bell, Victoria, Grand Central, 
and Mammoth. Tlio Gardner dolomite con¬ 
tains some of the ore bodies of the southern 

i JvaiUT, W. r , TbK mineral iw! • * • in cori*ln mlninc Mb- 
Ir.rU ol '.he Greai Sail B»ko ISiuln; Am. IibI. Mill. Rag. Trnib., vol. 
33, p. ia, a<a. 
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part of the Iron Blossom vein but is generally 
Unproductive. 

In the upper part of the Pine Canyon lime¬ 
stone, 200 or 300 feet below the top of the ] 
formation, Ho some thick beds of course 
granular limestone, and these beds, north of 
the Sioux-Ajax fault, contained the rich ore. 
bodies of the Iron Blossom, Sioux, Colorado, 
and Beck Tunnel mines. The Go diva anrl 
May Day mines arc also in the Pino Canyon 
formation. This ore-hearing limestone is very 
pure. One analysis given by Jormey 1 shows 
08.75 per cent calcium carbonate, trace of 
magnesia, 0.40 per cent oxides of iron anti 
alumina, 0.20 per cent silica, and 0.65 per cent 
organic matter and loss. When broken this 
limestone gives a fetid odor, but this is also 
observed in some of the. dolomites. 

The following analyses are given by Tower 
and Smith: s 


Annbjut of carbonate racks from the. Tinlic district. 


J 

i 

2 

| 

3 

4 

SiO. 

8 . 77 
.19 
27.22 
18. Bit 

•11.77 

4.33 
.03 
62.84 
.60 
•41.78 

0.57 
.00 
36.22 
.41 

43.84 

17.19 
.48 
43.78 
.91 

35.40 

Ft 1 /),. 

CaO.'. 

MrO. 

civ. 

06 78 09.08 

100.91 

07.76 
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1. Cole Canyon dolomite. 

2. Upper | hit' of Ajax limestone. The Ajax is for I ho 
nu-Ht pari more magnesian than this analysis would 
indicate. ' 

3. Upper port of Pine Can you limestone 

•I. Sumly fimcsloue in Humbug formation.. 

The Bluebell dolomite is fine grained and 
many of its beds are colored dark by organic 
matter. An analysis averaged front six 1 gave 
tlu» following results: Calcium carbonate, 55.38 
percent; nngnesium carbonate, 42.84 percent; 
silica, 0.65 per cent; and undetermined and 
loss. M3 per cent. 

In the Bullion Beck, lCurekn Hill, and Centen¬ 
nial mines the rocks are in part magnesian and 
much of the ore is in the Opcx dolomite. The 
dolomite appears to be relatively impure. -An 
average of seven analyses of specimens from 
* * t-iio vicinity of the Bullion Beck mine,’' ' gave 

1 Jutiuy, W. I*.. Thu ’tambiryotat* Aru. I list. Min. Enjt. 

roans., vol. 3.1, )a. ITS, lists. 

* .»»«, Ci. W., Jr,, aaml Suallta, ft. o., op. cit.. p. i>23. 

* lalrau, p. ITT. 

* tila>iu. p. <79. 


calcium carbonate, 4S.76 per cent; magnesium 
carbonate, 35.43 per cent; ferrous carbonate, 
2.01 per cent; silioa, 9.67 per cent; alumina, 3 
per cent; and organic matter and loss, 0.53 per 
cent.. 

The above statements make it clear that the 
ores developed more readily in the purer dolo¬ 
mites and limestones; that in certain rocks p„ 
granular structure was fa\orablo; that some 
dolomites in which ore formed averaged 10 per 
cent silica but that more silica and alumina 
was probably unfavorable for ore deposition; 
and that while- organic matter is universally 
present it does not seem to have had a deter¬ 
mining influence on the course of ore depo¬ 
sition. 

ORE BODIES OF THE GEMINI ZONE. 

In the Gemini mine the ore bodies occur as 
podliko masses or small pipes along four al¬ 
most vertical fracture zones which strike a 
little east of north and practically coincido 
with the strike of tho dolomitio beds. Plate 
XXXI and figure 25 (p. 1S8) show them in 
plan and cross section. A longitudinal vertical 
projection would show that many of those 
bodies are oxtremoly irregular and in places 
joined by pipolike connections. This feature is 
illustrated in figure 26 (p. 189), which shows the 
occurrence of the deepest ovo body in tho Gem 
channel. 

In the plan (PI. XXXI) the influence of cross 
fractures is soon to be marked in several places, 
where tho ores follow these fractures and give 
rise to U-sbaped bodies. Few of the ore bodies 
are large. The central parts of the bodies nre 
usually the richer and are surrounded by 
poorer jesperoid. 

A tendency to northward pitch is scon in 
many of tho ore bodies. In the Gem channel 
no ores occur above level 12, but in tho Bullion 
Beck mine the ore of tho same channel lies con¬ 
siderably higher. The most northerly workings 
in tho Ridgo and Valley property lio on levels 
14 and 16. The largest bodies are found in tho 
Tank and Rod Bird channels on levels 600 and 
700. Tho peculiar ore of the bodies in the Gem 
channel is described in more detail on pugo 177. 

Tho ore-bearing fissures continue southward 
into the Bullion Beck mine where they form a 
similar scries of podlike bodies (fig. 20, p. 189). 
Tito Gem channel and a more easterly fracture 
zone, called tho Eureka channel, arc tho most 







ORE BODIES. 


productive utuI locally follow a south-southeast 
swing in the stratification. South of the shaft 
they approach within 250 feet, of each other, 
and the ore bodies of tho two co a Iosco to a large 
pod, which in places is over 100 feet in diame¬ 
ter. In part this pod is in tho Eureka Hill mine, 
in which tho largest masses of oro were mined 
on levels I to 6, whilo explorations of lower 
levels did not disclose much of value. (See 
figs. 28 anil 29, pp. 195, 19G.) In the southern 
part of lho Eureka Hill mine the two channels 
axe again dist inct, turn more nearly north, ami 
form the largo and continuous bodies of tho 
Silver Gem slopes, reaching from level 9 of the 
Eureka Hill up to level 4. This Silver Gem 
ore bod}' is 60 feet in maximum width and is j 
continuous on somo levels lor 700 feet. Any 
longitudinal section of the ore bodies along the 
channels is likely to be very irregular; an oro 
body may follow a given lovel for a long dis¬ 
tance, to connect in some irregular manner 
with the oro on a lower level. 

In tho southern part of the Eureka Hill mine 
tho copper ores begin to appear; in some, places 
copper slopes adjoin thoso of lead ores, and 
some stopes cany mixed lead and copper ores. 
Gold has begun to increase in the oro; in fact, 
this metal appears fust in tho Bullion Beck 
mine in appreciable quantities. 

In tho Centermini Eureka, the most produc¬ 
tive mine in the district, the ore begins on the 
north side along three lines, known ns the 
Gem, Eureka, and New Years channels, all 
continuous from the north. Lead ores are 
present in places, but gold und copper aro the 
principal metals. In this northern part of the 
mino the channels are comprised within a 
width of .'100 feet from east to west and tho 
ores form horizontal shoots as much as 20 or 
30 feet wide, much more veinlike in appearance 
than tlio pods of the more northerly mines. 
None of those ores have been found to extend 
much below level 11; tho New Years channel 
crops out at the surface. The Gem channel, 
which is the most, persistent of the several 
lines, continues southward to a great easterly 
cross break, which is accompanied by a second 
parallel break 1,000 feet farther south. The 
whole character of the ore shoots changes at 
these cross fractures. 

The mum ore bodies of the Centennial mine 
consist of three great “columns,'’ two of which 
in general follow these cross breaks, partly in 
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the footwnU and partly in tho hanging wall. 
(Sec fig. 30, p. 19!).) 

The first of these, which muy he called the 
California column, connects on level 6 with tho 
Gem channel. It extends obliquely on the 
first cross break, pitching about 50 a SE. from 
level 6 to level 17, a distance of 2,500 feet, and 
having an irregularly rounded cross section 
measuring as much as 100 by 101) foot. From 
level 14 it begins to Hatton and leaves the first 
cross hreuk. In tho lowest, slopes, culled the 
South Dakota, the ore lies oil top of a flat 
intrusion of Swansea rhyolite porphyry 20 to 
50 feet thick. This flattening also has somo 
connection with the attitude of the strata, 
; which nl this depth of about. 2,000 feet have 
decreased their dip, and this change in attitude 
is accompanied by much brecciation of tho 
limestone. 

As the California column is related to the 
first cross bleak, so the other two columns aro 
dependent upon the second cross break or, 
inoro specifically, upon the intersection of this 
break with a strong northerly fracture, called 
the East Limit, the pitch of the ore coinciding 
roughly with the dip of 70° S. of this second 
cross break. 

Just, as the Gem “channel" loads into tho 
California column, so there are two northerly 
fractures 500 and 1,000 feet southeast of the 
shaft which lead into the socoud cross break. 
The til'st of these lies ulong the so-called Big 
Platform stopes on levels 2 and 3, which at 
first are narrow und then widen to 70 feet in 
the Montana stopes. On the south side of the 
Montana stopes the second cross break is en¬ 
countered, aud the narrow ore is continued on 
(his plane into the big Oregon and Maine 
stopes, on levels 4 and 5, From this point a 
column of ore descends steeply to level 12 and 
probably connects below this with the North 
Dakota flat stopes on level 17. 

The second of the easterly “channels" be¬ 
gins in relatively narrow stopes on levels 5 
and 6, meets the second cross breuk, and 
descends us a strong column or pipe from 30 
to 125 feet in diameter to level 14, from which 
oro connection is established with the South 
Dakota flat stopes on level 17, which thus 
forms the converging point for the two greatest 
ore columns of the mine. Tho column just 
doscribe-d is determined by the intersection of 
tho second cross break und the East Limit. 
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In depth tho ore begins to spreud laterally, 
becoming more or less independent of both 
these structural features. 

Ore has thus far not been found below level 
IS, but it extends irregularly eastward and 
doubtless connects in smaller bodies with the 
lower ore zone of the Grand Central mine. 

In the Gemini mine the ore occurs within a 
vertical range of about 1,300 feet, reaching 
from a lowest altitude of 4,500 feet at the 
north end, where the workings are still in ore, 
up to an altitude of 5,S00 feet. In tho Bul¬ 
lion Beek and Eureka, Hill mines the principal 
ore was found between altitudes of 5,400 and 
6,300 feet. In the Centennial Eureka mine the 
ore practically reached the surface at. 6,000' 
feet. On the north side it descended to 5,800 
feet, and at the south end, where this ore zone 
ceases, the lowest ore was found at. 4,800 feet. 

In very general terms these facts may he ex¬ 
pressed by saying that the upper surface of the 
ore so far as shown rises in a broad curve from 
an altitude of 4,800 feet north of the Gemini 
shaft to 6,100 feet at the shaft, to 6,400 foot 
at Eureka Hill, and to 6.900 feet at the Cen¬ 
tennial shaft, south of winch the ore drops 
rapidly along the dip of tho two great cross 
breaks. The lower limit of the ore zone, so 
far as known, lies below 4,500 feet north of 
the Gemini mine, at 5,200 foot near the shaft, 
at 5,600 feel, in the Eureka Mill mine, at 5.700 
feet at the Centennial shaft, and at 4,800 feet 
in thosouthern part of the Centennial property. 

okk nonius ok the mammoth zone. 

The Chief Consolidated mine contains tho 
most northerly bodies of the Mammoth ore 
zone. Tho limestones me covered by about 
300 feet of rhyolite and dot vital material, so 
that, no outcrops are visible. Two principal 
systems of ore bodies are worked, the fust cen¬ 
tering ahout 700 lceb northeast of the shaft 
and consisting of two parallel bodies 100 or 
150 feet apart. Tho ore bodies which, are ns 
much as 30 or 40 feet wide extend in a north¬ 
erly direction along indistinct fissures for at 
least 500 feet. Tho strike of the limestone is 
N. 1(1° \Y. and the dip about 75° E., hut in 
the 1,600 and 1,800 foot levels (latter dips were 
observed. In places the ore bodies arc sur¬ 
rounded and separated by large masses of 
jnsperoid that constitute ore of low grade. 
In form they seem to be a succession of almost 


vertical podlike or irregular masses much like 
those of Hie Gemini and Eureka Hill mines. 
In this northerly system galena and siliceous 
silver ores have been extracted from the 1,300, 
1,400, 1,600, and 1,800 foot levels. 

The southern ore bodies are separated from 
those just described by 1,200 feet of barren 
ground and connect with the northerly ore 
bodies of the Bine Bell mine. They extend 
horizontally for 500 feet and vertically from 
the 750-foot to the 1,400-loot level. The ores, 
which are siliceous, carry mainly galena, in 
part oxidized, with 30 or 40 ounces of silver 
to the ton, and in the southern part of the 
mine an appreciable quantity of gold begins to 
appear in the ore. Copper is present in small 
quantities. 

There is, then, in tliis succession of ore bodies 
a distinct northward pitch, just as in those of 
the Gemini mine. 

In the Eagle and Blue Bell mine tho strike 
of the beds is again a little west of north and 
the dip 65°-70° E., slightly flatter than in the 
Chief. The ore bodies are mainly determined 
by the intersection of northerly fractures with 
certain strata susceptible of replacement, but 
in part they also follow northeasterly cross 
fractures. The ores mined are lead ores, oxi¬ 
dized in part, very siliceous, and in places 
carrying some gold. The ores worked in past 
years were in the southern part of the property 
and occurred in a pipelike shoot that was fol¬ 
lowed from the surface to a depth of 500 feet. 
The later developments are in the northern 
part of tho property and aro in general related 
to the intersection of an easterly cross break 
with a northerly fissure. The oro forms an 
irregular body beginning about 700 feet below 
the surface and continuing to the 1,600-foot 
level, the lowest reached in 1914. The shoot 
has been followed south for 500 feet and is 
from 20 to 70 feet wide. 

A new and rich lead shoot extending from 
tho 1,450-foot level down to the deepest 
(1,700-foot) level lies a few hundred feet south¬ 
west of the one just described- Its structural 
features have not been fully worked out, but 
on the 1,600-foot level it is 140 feet long and 
as much as 20 feet wide. 

Tho shoots in tho Eagle and Blue Bell mine 
thus show in their successive position a de¬ 
cided northward pitch, similar to that ob¬ 
served in the Gemini and Chief mines, but 
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there are also inany smaller offsets pitching 
south and probably duo to southward-dipping 
cross breaks. 

The ore bodies of the Victoria mine do not 
connect directly with those of the Eagle and 
Bine Bell but lie about 590 feet farther east. 
They extend over a distance of about 1,100 
feet from north to south and connect directly 
with the stopes of the Grand Central mine on 
the. south. They do not crop out. The ores 
are liigldy siliceous and carry gold and silver 
with bunches of copper ore and more rarely 
lead ore. 

The Victoria ores form a series of discon¬ 
nected bodies of silicitied dolomite, 30 feet in 
maximum width anil very irregular, yet clearly 
arranged in line as a series of northward-pitch¬ 
ing masses of ore. On tlie Grand Central 
boundary they are found on the 600 and 700 
foot levels as roughly horizontal, northward- 
trending bodies, but a few hundred feet be¬ 
yond the boundary the trend swings to N. 
20° E. and the decided northward pitch begins, 
so that 400 feet north of the shaft the jns- 
peroid ore is found at the 1,200-foot level and 
no ore lies above it, so far as known. In 
general the ore bodies trend N. 20° W., fol¬ 
lowing the strike of the dolomite, but they 
show many local enlargements and offshoots 
along cross breaks. The dip of the beds is 
only 50°-6.3° NE,, but the ore bodies as a 
whole show no marked tendency to pitch in 
this direction. The determining influence in 
the mineralization was evidently an obscure 
fracture zone trending northward, with re¬ 
peated offsets toward the west. What causes 
the northerly pitch is not definitely known. 
One peculiar occurrence in this mine was a 
nearly spherical mass of jasperoid, about 20 
by 30 feet, on the 1,100-foot level, containing 
1 to 2 ounces of gold to the ton and a little 
silver but no lead or copper. 

In the Grand Central mine the principal ore 
zone extends in tlie main horizontally between 
the 500 and 900 foot levels (fig. 31, p. 213) for a 
distance of 2,500 feet. On the north it con¬ 
nects with the oro bodies of the Victoria; on 
the south ii connects with those of tho Mam¬ 
moth, and in that vicinity the ore turns de¬ 
cidedly upward in the Silvcropolis shoot and 
reaches the surface at the Cunningham stopo 
of t he Mammoth mine. This principal ore zone 
intersects bedding and dip and in general fol¬ 


lows prominent northerly fractures intersected 
by other free times trending i\ T . 30 3 E. The 
Silvcropolis shoot (fig. 32, p. 216) forms a pipe 
that pitches 70° NW. across the stratification, 
probably following the intersection of two 
fracture planes. This shoot, crosses into Grand 
Central ground and cont inues, flattening some¬ 
what, to levels 8 and 9. There it turns north, 
following asleep fissure, and is practically con¬ 
tinuous horizontally to the Victoria boundary. 
In the Butterfly stopo this ore body reaches its 
greatest development at the intersection of the 
northerly fracture with a vertical north-north- 
easterly fracture and extends from level 4 to 
level 11; its greatest width here is 50 to 70 feet. 
Tho deeper levels contain ore mainly west of 
this principal zone, at first along the west 
fissure, which strikes north-northeasterly and 
dips 73° NW. Ou the deepest levels (20 and 22) 
this ore body flattens, connecting with minor 
bodies which extend almost to tho Centennial 
Eureka ore bodies and which in part follow the 
stratification, in part the marked north-north¬ 
easterly fissures in or near tlie Emerald-Grand 
Central fault zone west of tho shaft. It is 
probable that tho whole Gemini ore zone re¬ 
ceived its contents from solutions working 
northward from the vicinity of tho Mammoth. 
Throughout the mine tlie ore bodies have a 
tendency to a northerly pitch, caused by their 
development along the intersection of uorth- 
northeasterly fissures that dip north-uorth- 
! westerly with northerly fractures that stand 
vertical. 

The ores of tho Grand Central mine carry 
mainly copper, gold, and silver; lead is present 
at many places. 

In the Mammoth mine several ore bodies 
linvo been worked, most of thorn within 1,200 
feet north and northeast of the shaft. All of 
them cross the bedding and most of them arc 
determined by the intersection of two or more 
fissures striking north, north-northeast, and 
northeast. Tho largest body is called tho 
Apex shoot. It crops out near theshaft and, in 
the form of a large chimney-shaped mass, goes 
dowu almost vertically and attains a greatest 
width of 100 feet on levels l.j and 16. The 
larger diameter trends N. 15° E. and the shoot 
continues to level 21, where, however, it be¬ 
comes of lower grade. (See PI. XXXIII, p. 
214.) The shoot is evidently determined by tho 
intersection of systems of fractures trending 
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from north to east-. At the surface were found 
copper ores rich in gold; at depths of 1,500 feet 
a, large lend shoot is recognized, adjoined by 
a gold shoot and, lower down, by another gold 
shoot that yielded much native gold. SdiciGed 
rock containing some gold and silver extends 
on the north-northeasterly fissures fur beyond 
tlie boundaries of the ore bodies. A rich cop¬ 
per shoot was found on the Welding claim 
northeast of the sliatt on levels 7 and K; this 
appears to follow a X. 30° 15. fissure and is in 
places 30 feet wide. 

South of the Mammoth mine lie the Ajax, 
Gold Chain, and Opohonga ore bodies. The 
Ajax is a chimney of notable dimensions con¬ 
tinuing from the surface down to tho 1,000- 
foot level nnd determined by a system of 
northerly and north-northeasterly fractures. 
In the Gold Chain and Opohonga tho ores 
form chimneys extending along the short 
north-uort boast orly fissures on levels 3 to 10 
of the Ajax workings. Copper, gold, and silver 
ure tho principal metals. Tho Ajax in par¬ 
ticular has produced a largo amount of gold. 
No direct extension of this zone is found toward 
tho south, hut a little west of the Ajax shaft is 
the Hungarian vein, wliich continues into the 
Lower Mammoth property, here accompanied 
by tho West vein, 150 foot distant. (Soo fig. 
33, p. 220.) In contrast to tho doposils de¬ 
scribed above these veins occupy distinct and 
easily traceable fissures which intersect striko 
and dip and which are closely followed by the 
ore shoots. In other words, the ores do not 
spread on bedding and emss fissures but closely 
follow tho path of tbo trunk fructnro. Tiro 
typo is thus that of normal replacement veins. 
Both veins can be tracod for 700 feet south of 
the shaft and dip very steeply to tho west. 
The ores in tho Lower Mum moth contain prin¬ 
cipally load and silver with sonic zinc. 

One principal ore shoot in the form of a 
flattening column 1ms been found on the Hun¬ 
garian vein, and two similar shoots on the west 
veil! (fig. 33, p. 220). The lower shoot between 
levels 14 and IS is of particular interest, for it 
extends along the contact of crystalline lime¬ 
stone and intrusive monzonito and the ore 
continues across the contact into tlic. ruonzo- 
nitn (fig. 24, p. 221). In tho limestone tho vein 
contained principally partly oxidized load- 
silver ore and (lie stupes are 15 to 2.5 foot wiclo. 
At the contact on level 17 tho vein narrows, but 


was followed into tho mouzonitc for 50 foot— 
as far as tho drift was accessible. Tho vein is 
hero 4 to 6 foot wide and contained several 
stringers of heavy sulphide ore consisting 
mainly of pyrito, zinc blonde, enargitc, and 
totrahedrilo, with a very little galena. Thoro 
is thus a marked change in the contents of the 
vein at the contact. Tho ore from tim monzo- 
nito that was shipped contained 14 per cont of 
copper. 

Those veins are not traceable across I lie con¬ 
tact on tbo surface, but. in the monzonito and 
in a general continuation of tho Mammoth ore 
•/.one n considerable number of linked veins 
extend in a south-southwesterly direction 
toward the Cleveland and Iron Duke claims. 
The outcrops of tlioso veins have boon traced 
on Plate III (in pocket). 

The practical continuity of the Mammoth ore 
zo.io from the vicinity of Silvor City to the 
Chief Consolidated mine is beyond doubt.. 

The altitudo of the oro bodies above sea lovol 
may he briefly summarized. In the monzo- 
nito the oro crops out at 0,200 to 6,800 foot. 
In tho Lower Mammoth it ranges from 4,!)00 to 
6,400 feet but does not crop out. In tho Ajax 
the oro range's from 6,000 to 7,000 feet and 
roaches the surface. A much wider interval 
bus been found in the Mammoth, in which the 
or© lies between 4,700 and 7,000 feet. North 
of the Mammoth tho oro nowhoro reaches tho 
surface but shows a marked tendency to follow 
a higher horizon of about 6,400 foot, though 
locally it pitches on other fissures to connect 
with the Centennial Eureka ores at tho low 
altitudo of 4,900 feet.. From tho Victoria 
l!’.rough t he Engle and Bluo Bell and Chief Con¬ 
solidated mines the oro pitches northward in a 
series of detached bodies which reach the sur¬ 
face at orlj' one point on the Eagle and Blue 
Boll, at. 6,940 feet, and which descend to 4,700 
feet in the Chief mine—about the same 
altitudo as that, of tho lowest ore in tho Mam¬ 
moth. 

These figures disclose no marked rule or reg¬ 
ularity except for tho northerly pitch from the 
Victoria mine, and this, as in the Gemini oro 
zone, is probably due to the premil!oral valley 
O'f Eureka Creek, which before the mineraliza¬ 
tion became filled with an impermeable blanket 
of clayey rhyolite, thus presenting an obstacle 
to tho free movement of tho ore-depositing 
solutions. 
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ORE 1IOPIES or IDE godiva /.one. 

The Godiva zone is traceable from tlie Go- 
diva mine almost due south to the mon/.onitc 
contact, a distance of 2 V miles. Silver-load ores 
prcdoniinnte from the Godiva to the Northern 
Spy, a distance of 1 • miles; the ores from (ho 
southern part of the zone contain mainly 
copper, gold, and silver. Comparatively little 
work is being done in the mines of this zone. 

The Godiva shaft is 1 mile east of Eureka 
near the. point where the limestone ridge rises 
boldly above the Packard rhyolite. The ore 
bodies follow northerly fractures on the steeply 
clipping limestone strata and show local deflec¬ 
tions along cross fractures. On the upper levels 
the slopes extend almost continuously for 300 
feet north and .">00 feet south of the shaft and 
haven maximum width of 30 or lOfect. Below 
the 300-foot level no large ore bodies have been 
found. A few irregular and small masses of ore 
were found in the limestone oust of the. main 
bodies. The ores are mainly galena, partly' 
oxidized, carrying about 9 ounces of silver 
to tbo ton. Some oxidized zinc ores have been 
mined lately near the old stopes. It would 
probably be. advisable to seek the. continuation 
of the ore farther to the north and on the lower 
levels. 

The ore bodies of the May Day mine lie 
100 to 300 feet to the east. Wlmt is known ns 
the Godiva or West channel (which, however, 
docs not connect directly with the ore bodies in 
the Godiva mine) is continuous only for a few 
hundred feet, but 200 feet to the east of this 
the Now channel or East channel extends for 
1,400 feet as a senes of irregular bodies, con¬ 
necting with the Yankee workings on the south. 
The workings on the West channel evidently 
followed fractures extending north or north- 
northwest. One of tlie stopes is 100 feet long 
and as much as 4() feet wide, Tlie bodies 
reached within 60 feet of the surface and at 
most 201) feet below the tunnel level, so that the 
vertical extent was about 400 feet. No exten¬ 
sive silicification accompanied the mineraliza¬ 
tion, and the ore consists of partly oxidized 
galena. Some ore bodies form irregular chim¬ 
neys or pipes 4 to 6 per cent in diameter, con¬ 
taining almost pure galena. 

Jcnney 1 describes the occurrence of a re¬ 
markably largo mass of pure galena in the 


I nclc Sum claim. The ore body was , r >0 feet 
long, .">U to (it) feet high, »nd 13 to 20 feet, wide, 
and the ore averaged 75 per cent of lend and 
50 ounces of silver to the ton; the galena di¬ 
rectly adjoined the limestone wall rock. 

The principal workings of the lower levels are 
on the East, channel and are best seen on the 
275 and 500 foot levels of the Ihielc. Sam shaft, 
where the ore bodies lie parallel to the bedding 
on the lower (east) side of a dike of rhyolite. 
Galena ore is also found on lower levels in the 
form of narrow pipes. Fn these bodies the 
galena ore generally adjoins tlie limestone 
directly without a marginal zone of extensive 
silicifiratinn. hut. large breccia ted and silieified 
masses with u low tenor in silver are also found 
on tho 800-foot, level, though not in line wit h 
any known ore channel. 

On t he May Day claim along t he East chan¬ 
nel some bodies of galena ore have been worked 
in the upper levels, but they generally follow 
the stratification, which here dips 30°-40° K., 
and arc in places underlain by r secondary oxi¬ 
dized zinc ores. In some slopes a limonilin 
material directly underlying the lend has been 
found to be rich in gold, tliis doubtless also 
representing an enrichment. 

From the May Day claim the galena ore con¬ 
tinues southward along the same line but. fol¬ 
lows t he si ratification along a coarse-grained 
bed in the Pine Canyon limestono. These 
bodies, which have been worked almost con¬ 
tinuously through the Yankee and old Hum¬ 
bug (now Undo Sam) mines, evidently follow 
an obscure northerly fissure along its inter¬ 
section with the favorable limestone bed, but 
in places the ore sends out branches sev¬ 
eral hundred feet eastward along cross frac¬ 
tures. 'Hie individual deposits are as .much as 
several hundred feet in length but. only a few 
feet Muck and lie along the beds, which dip 
10°-30° E. At one place on the Humbug 
claim a connection seems to bo established 
along a cross fracture with tho ore bodies of 
tho Beck Tunnel mine. Locally tho ore may 
occur in narrow pipes and chimneys. The 
silieification docs not as a rule extend far be¬ 
yond the ore. The ore bodies lie between alti¬ 
tudes of 7,000 and 7,300 foot, only a few hun¬ 
dred feet, at most, below the surface. No deep 
exploration has been undertaken. The silver 
content reaches 50 ounces to the ton, and the 
ore contains n little copper and gold. 


i Ji«nn*-y, \V. r., Tlis clmmlstry of oro depuiitlon: Am. Inst. Min. 
Eng. Train., vul. 3.1, p. ISO, I1M0. 
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South of the Humbug mine the ore, which 
ms long been mined out, followed persistently 
lie same horizon in the Pine Canyon limestone 
itul wns continuous for a distance of 5,000 feet 
rorn the Utah to the Northern Spy. iVloiig 
tins southward line, presumably representing a 
fracture, which, however, is obscure, the ore 
lay along the dip (say 40° E.) hut was in places 
deflected along easterly cross fractures. The 
ore. bodies wero from 2 to 50 feet. wide.. The I 
altitude of this nearly horizontal ore channel 
is about 7,300 feet. Tire ore is similar to that , 
of Lite Yankee and Humbug mines. There are I 
no wide zones of silieification. 

South of the Northern Spy mine the ore zone 
crosses the Sioux-Ajax fault without marked 
deflection, turns south-southwest, and, enter¬ 
ing the Bluebell formation, assumes a distinct 
vein form, In the Carisa mine valuable bodies 
of copper ore were mined from the surface ver¬ 
tically down to a depth of 700 feet; the shoot¬ 
er pipe had a horizontal length of 500 feet and 
was at most 50 feet wide. At a depth of S00 
feet this copper shoot entered the Victor mine, 
adjoining on the south. The ore was siliceous, 
containing quartz, barite, and enargito, with 
some gold and as much as 25 ounces of silver 
to the ton. No deeper exploration was under¬ 
taken. 

South of the Carisa the ore zone appears as 
more or less continuous veins. In the Victor 
mine the end of the Carisa shoot was soon 
found and small bodies of nrsenieal copper ore 
were mined on the lower levels. No explora¬ 
tions were undertaken below the SOO-foot level. 
The ore followed N. 35° 13. and northerly frac¬ 
tures, and the vein, which is contained in 
contact-metamorphosed, limestone without 
plain bedding, is from 6 inches to a few feet 
wide. 

In the southerly continuation of the Victor 
property extends the North Star vein, which 
almost reaches the monzonitc contact. This 
vein is contained in contaet-uictaniorphic 
limestone and has been opened to the 600-foot 
level. The ore-bearing fissure has been traced 
for 1,500 feet on the surface aud is almost 
vertical. The ore bodies follow north-north- , 
easterly fissures with local offsets on easterly ! 
cross fractures. Their maximum width is 30 
feet and usually appears at the intersection of 
several fissures. The sloped ore bodies do not 
seem to have extended far below the 300-foot 


level nor more than 500 feet on each side of the 
shaft.. The ore contained copper, lead, silver, 
and gold, and gold occurred in unusually huge 
amounts, forming two-thirds of the value of 
the ore. The lour shoots known are said to 
dip west and pitch north; three of them were 
distinctly gold hearing, and the fourth carried 
mainly lead and silver. 

The ore bodies of the Godiva zone extend 
for a distance of 21 miles from north to south 
nlor.g a fissure which south of the Northern 
Spy mine turns to a south-southwesterly direc¬ 
tion. From tills turning point northward the 
ore occurs in linear bodies that extend iu 
general horizontally, closely following a bed of 
course limestone in the Pine Canyon formation. 
Their width from east to west is comparatively 
small, and their thickness generally less than 
HI feet. South of the turning point mentioned, 
which coincides with the Sioux-Ajax fault, the 
deposits assume the form of nearly vertical 
veins in crystalline limestone, but the ore 
bodies are still confined within a relatively 
small vertical interval. In this area copper 
ores with more or less gold and silver replace 
the lead ores of the northern part of the zone. 

The most remarkable fact about this ore 
zone is the persistence of the ore bodies within 
a small vort.icul interval, for they arc confined 
between altitudes of 6,500 and 7,500 feet, and 
the lowest limit is reached at the north and 
j south ends, in the Godiva and North Star 
mines. The greater part, of the ore zone lies 
at altitudes of 7,000 to 7,300 feet. Deep 
exploration has been attempted in few places 
and generally with poor success. There is, 
however, a strong possibility that the ores may 
be found to continue north of the Godiva with 
a northward pitch, as in the Gemini and Mam¬ 
moth ore zone. No development work has 
yet been done in this direction. 

ORE BODIES OF THE IRON BLOSSOM ZONE. 

The Iron Blossom ore zone is the most 
easterly of the main lines of ore bodies. It is 
also the most remarkable of the four zones and 
in many respects unique. 'The stopes are 
practically continuous for 7,000 feet in a hori¬ 
zontal direction, and the total length of the zone 
is 11,000 feet. (See Pis. XXXV and XXXVI, 
in pocket.) It differs from the other 
zones in containing a single main ore deposit 
that is continuous throughout the zone from 
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the contact of the limestone and tnnuzonite 
porphyry on the south to the Beck Tunnel 
mine on the north. The northward continua¬ 
tion of the /'.ono lias been sought by deep devel¬ 
opment, in the Yankee mine, but .so far with- 
outsuccess. It will lie convenient to begin the 
description from the south end. 

Briefly, the deposit begins as a well-defined 
but narrow vein and keeps this character, 
though becoming wider and more productive 
northward to a point a few hundred feet south 
of Iron Blossom No. 3 shaft, where i t encounters 
the Sioux-Ajax fault. North of this funit, the 
deposit forms a linear body extending for 7,01)0 
feet in the general direction of the vein, 
approximately along * the uxis of the great 
Tin tic synch tie, and following certain beds of 
coarse gray limestone in the upper part of the 
Pine Canyon formation. 

Silver-lead ores and quart zose silver-gold 
ores with a little lead predominate from the 
north end to Iron Blossom No. 1. South of 
this point copper ores begin to occur mixed 
with ores of the types just mentioned. A 
great deal of work has been done along this 
zone of late years, particularly in the Iron 
Blossom mines. Although the vein deposits 
at the south end have been known for a long 
time, the notable production began in the 
Beck Tunnel mine in 1005 and in the Iron 
Blossom in 1008. 

The developments in the Dragon property 
have shown that the outcrop of a narrow vein 
intersects a body of lirnonite iron ore on the 
contact of monzonite porphyry and lime¬ 
stone. South of the contact the King James 
vein has been opened in the general direction 
of the Dragon vein, but no actual connection 
has been traced across the contact. The 
Dragon vein has not been found profitable, 
though a little lead aud copper ore taken 
from it has been shipped. It is contained in 
conlact-metamorphosed limestone, 

About 300 feet east of the Dragon vein in 
the Dragon shaft another vein has been 
exposed which possibly corresponds to the 
Turk vein, opened on tho surface farther north, 
but which has not. been found productive. 

From the contact the Dragon vein is trace¬ 
able on the surface and has been opened in tho 
shafts of tho Black Dragon, Wliite Dragon, 
and Governor, all three of which arc. at nn 
altitude of about 7,050 feet. The strike of 


the vein is N. 35° E. and the dip is S0°-S5° 
ESE. The vein is narrow. Silieified lime¬ 
stone and barite form the gangue, and galena, 
euurgitc, and their oxidation produets are the 
ore minerals. The ore contains also a few 
ounces of silver and ns much ns 0.S ounce of 
gold to the ton. Ore from several places, 
particularly intersections with northeasterly 
fractures, lias been shipped, but no large oro 
bodies have, been found. 

The persistency of the vein is shown by deep 
developments in the Dragon tunnel (altitude 
0,675 feet), the crosscut from the North Star 
mine (altitude 6,650 feet), ami drifts on levels 
6, 8, and H) of the Iron Blossom No. I shaft. 
On level 8 the vein is 4 feet wide and shows 
much lirnonite, copper stains, and a narrow 
streak of pyrito, ennrgitc, and barite. In 
places the ore gives high assays in gold. On 
level 10 (altitude 0,400 feet) the vein inter¬ 
sects the limestone as a tight scam containing 
a little quartz, galena, and barite. 

In the vicinity of tho Iron Blossom No. 1 
shaft the deposit still maintains its vein 
character. (Sec fig. 40, p. 243.) It lies in 
fine-grained dolomite which dips east or 
northeast at angles of 20° to 30° and probably 
should be identified with the Bluebell dolo¬ 
mite; the lowest levels of tho shaft, which is 
1,900 feet deep, are probably in the Opohonga 
limestone. Dikes of monzonite porphyry nrc 
observed at many places, and at their contacts 
some mineralization has occurred. In places 
the limestone is metamorphosed near the 
contact. 

The principal ore bodies begin a few hundred 
feet south of the shaft but arc confined mainly 
to levels 5 and 6—that is, to altitudes of 
6,S00 to 6,900 feet. Here they are from a few 
feet to 80 feet wide, but they contract sharply 
on tho lower levels, and except to the south, 
Ln the Governor claim, the vein is not definitely 
traceable below level 11. Iron-stained crop¬ 
pings show near the shaft, and on level 2 the 
vein follows locally the contact of a dike. 
The principal ore bodies (Pis. XXXV and 
XXXVI, figs. 40-43) are 100 to 150 feet high 
and 10 to 50 feet wide aud extend almost 
continuously through the Iron Blossom No. I 
ground. The limestone walls are well marked, 
and the vein consists of silieified limestone 
that has been brecciatcd and cemented by a 
loose sugary quartz and shows in places 
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abundant limonitc stains. Here and tlvcre 
the ore is surrounded by large masses of sdioi- 
fiod limestone. On an average the ore may 
contain S5 in gold and 20 ounces of silver to 
the ton, with some lead and copper. Smaller 
bodies of copper ore along the narrow fissure 
have been mined on levels 6, 7, 8, and 11. 

The. main ore hotly continues at the same 
general horizon and with similar dimensions 
for 2.100 fool, sinking gradually about 100 feet, 
or to altitudes between 6,700 and (5,800 teet. 

I penciling uud contraction of volume during 
oxidation have allowed u part of the roof to 
give way, and a large cave has been lormed 
above, the ore body between Xo. I and No. 3 
shafts. In this vicinity no deep exploration 
has been undertaken, but. a parallel and smaller 
vein, known as the East vein, has been dis¬ 
covered uml is locally of considerable impor¬ 
tance (PI. XXXV). In certain parts of its 
course this vein contains copper with barite 
and much limonito. 

The Iron Blossom oro bodies cross the Sioux- 
Ajus fault 400 foot south of No. 3 shaft, in a 
confused and greatly disturbed zono 300 foot 
wide. From the Bluebell dolomite on the south 
t lie drifts break into the upper beds of the Gard¬ 
ner dolomite, including carbonaceous beds at its 
top, and limiliy enter the Pine Canyon lime¬ 
stone, The dips of the limestone increase to 
40° and even 00°. This faulting finds expres¬ 
sion in the extensive silicification of the lime¬ 
stone and in the local interruption of the ore 
bodies. The first body of ore encountered in 
the fault- zone lies in a transverse or easterly 
position for a distance of 100 feet and extends 
50 feel above and 60 feet below the 480-foot 
level of the No. 3 shaft (altitude 6,700 feet). 
About 200 feet- farther north the fault is crossed 
and the oro begins to develop in the coarse 
gray limestone of tho upper members of the 
Pine Canvon formation, practically along the 
flat beds of the synclinal axis. To tho end, in 
tho Beck Tunnel mine, through the Iron Blos¬ 
som No. 3, Sioux, and Colorado mines, this 
wonderful linear body continues without, inter¬ 
ruption for 5.000 feet straight north, at. alti¬ 
tudes ranging from 6,800 to 6,900 feet. This 
shoot may be considered us a 5,000-foot, hori¬ 
zontal pipe formed by tho intersection of a 
vertical fissure with a certain limestone bed 
that was particularly susceptible to replace¬ 
ment. 


No vein is now visible, but nevertheless the 
ore lies in the direction of the vein, and many 
northerly fractures which were no doubt fol¬ 
lowed by tho solutions depositing the ore may 
he noticed- The ore body formed by replace¬ 
ment. lies conformably to the stratification and 
has a width of 20 to 170 feet and a height of 20 
to 60 feet. In Iron Blossom No. 3 the dip of 
11io ore is 13°-20° E. Farther north the. re¬ 
placed limestone bed is almost. Hat. 

The dimensions given are those of the slopes, 
hut the deposit, is really larger, for in many 
places the ore is adjoined by largo masses of 
dark fine-grained silieificd limestone, which are 
particularly abundant in the northern and 
southern parts of the ore body. 

In the north end of the Beck Tunnel mine, 
the deposit encounters a number of cross 
breaks, niul there is sonic evidence that the 
depositing solutions were diverted from the 
northerly fissure at this place and followed the 
cross breaks upward and westward into tho 
Humbug replacement bodies of the God.va 
zone. (Sec Pis. XXXV and XXXVII.) If 
this inference is correct, there is little use of 
attempting to find the northward continuation 
of the Iron Blossom ore body. 

The longitudinal section (PI. XXXVI) shows 
that the ore pipo lies about 60 feet higher in 
the Colorado mine than elsewhere, and also 
that in part of the Beck Tunnel mine it lo¬ 
cally sinks somewhat below the prevailing 
level of 6,850 feet. These slight differences of 
level arc probably due to local diversion of the 
ore-forming solutions along cross fractures. 
One marked fault older than the deposit is 
crossed on the Colorado ground and finds ex¬ 
pression in breccia lion with hut little vertical 
displacement of the ore. 

At. the north end of the Beck Tunnel mine, 
whore the ore pipe ceases, several smaller ore 
bodies occur witliin the silicified zone and 
within a vertical interval of 400 feet, giving in 
cross section a suggestion of a vein. The shaft 
has been sunk to a depth of 1,140 feet, and a 
small amount of development work has been 
done on several levels, but no definite fissure 
that could be connected with the ore bodies in 
the upper levels has been found in the lower 
S levels. 

The ore in the southern part of lliis pipe in 
Iron Blossom X T o. 3 ground is similar to that 
near No. 1 shaft but contains more lead and 
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perhaps less limonite. It is very siliceous aiul 
much of it is sugary. The ore shipped con¬ 
tained aL most 15 per cent of lead; the so- 
called siliceous ore contains only about 1 per 
cent of lead. Both cernsile and galena are 
present. The. silver ranges from 20 to 40 
ounces to the ton, und the. gold from $5 to 80. 
The sugary and dvusy quart/, which in places 
cements the dark silicified brcccialcd limestone 
contains some haritc plates. There is prac¬ 
tically no copper. 

In the Colorado and Sioux mines there is 
much more lead in (ho ore, which averaged on 
the whole 45 per cent of lead, with 45 ounces of 
silv er and 84 in gold to the ton, but considerables 
masses of low-grade and hig’uly siliceous ores 
remain both in these mines and in the Beck 
Tunnel mine.. The ore shipped from the Beck 
Tunnel mine a veraged 21 per cerit inlead, witii 21 
ounces of silver, and only about.82 in gold to the 
ton. As elsowherc, the ore is largely oxidized 
and contains drusy or honeycombed quartz. 

MINERALS OK THE ORE DEPOSITS. 

GANGTJE MINERALS. 

Quartz (SiO j). Hexagonal; mostly ns constituent of very 
tine-grained gray or bluish jasperoid replacing lime¬ 
stone or dolomite; i:t crusts ot small crystals on jasper- 
oid or barite; replacing barite. 

Chalcedony (SiO..). Cryptocrystalline; vein lets and spLur- 
elitos. 

Calcite (OaCO,). Ithombohedrai; in scaleuobedrons hi 
cavities of limestone; in — JR rhcinbohcdrons on oxi¬ 
dized ore. 

Aragonite (0aC0 4 ). Orthorhombic; in eaves uud ou oxi¬ 
dized ere; prisms and noodles; contains a little zinc in 
places. 

Dolomite ([Ca,Mg]CO a ). Rhombohedr.il; coirsely crys¬ 
talline nmreca in beds of lino-grained dolomite. 
Ankerite ([Ca,Mg,Po]CO t ). Rhombchcdr.il; coarsely 
crystalline masses in beds of fine-grained dolomite 
Barite (RaSO,). Orthorhombic; white, tabular crystals, 
in jasperoitl or vrith crystallized quartz. 

Gypsum (CaS0 4 ). Monoclinic; slender crystals and thin 
flakes. Rarely in curling crystals. 

Alunite (K-0.3A LQj.-fSOj.GIIjO). Rhombohcdral; white 
earthy or massive, Uke kaolin; common. Also micro¬ 
scopic in reploce.meut quartz. , 

Mixed sulphates ([Ms.Kc.Xa-j] S0,+7K,0). White clflo- 
ncscenccs. 

Borickitc, bade hydrous phosphate of irou mid calcium. 

Massive; reddish brown; rare. 

Crandallite (CaO 2 Al.jOj P.jO 5 . 5 HjO). Hexagonal (?), 
white to light gray, shading into yellow and brown; 
luster dull iu compact phase to pearly in lamellar 
phase; tine botryoidul crusts lining cavities in quartz - 
barite-sulphide vein; rare; new species. 

Sulphur (S). Orthorhombic; yellow crystals and crusts on 
galena and anglesito. 


ORE MINERALS. 

GOU) MINERAL. 

Native gold (Aut. Isometric; bright-yellow' ilakcs; on 
joint planes of jasperoid hi oxidized ore; rave. 

SILVER MINERALS. 

Native silver (Ac) Isometric; silver white (lakes or 
wires; not common. 

Cerargvrito (AgOl). Isometric ; brown or gray waxy coat¬ 
ing'--, in places with small crystals; common. 

Argentitc (AgjS). Isometric; Icad-grav to Mack; motile: 
common but rarely visible to the naked eye. 

j lhxmstito (dAg.S.A sj>'j). I-thomboliedral; massive, red. 
1 ranslucent; rare. 

’ 8 U nhaniUl(CAg,S.SbjS,l. Orthorhombic; iron-black; rare. 

TYnrceitc (OAgjS.ASjftj). Monoclinic; rave. 

LEAD MINERALS. 

Galena (PhS). Isometric; lead-gray; crystalline in arses, 
rarely well crystallized; common. 

Gcoeror.ite (?) (tPliS SKSj). Onhorhomlric: lead-.wav 
identified without much doubt in polishod section. 
Replacing galena. 

Angles!Ie (I’liSO,). Ortliorhnmbie: colorless crystals, lin¬ 
ing cavities in galena; grains re’plaeing galena and 
quartz. 

Cernsile 1 <Pi*C0|). Ortliorbomhic; white aeieular crys¬ 
tals or earthy-white or yellow; common. 

Leadhillito(PhS0 1 .2PhCO J .I’b(Oir),). Monoclinic; while 
crystals with imglewite; very rare 

Cotunuite (PI 1 OI 5 ). Small amounts of load and rhlorine in 
hot-water solid ion of some oxidized ores indicate 
possible presence of cotunuite. 

Phosgcnitc (|Pb,CI].j.COj). Tetragonal; gray replacement 
rrusts on ccrusite; rare. 

I.ead oxycliloride (unnamed). Probably ortboilioml ic; 
yellow prisms. 

Minium (Pb s 0 4 ). Earthy; vivid rod; rare. 

PjTomoqrhUeffPb.CrjPbjtPO,),). Hexagonal,small.slen¬ 
der crystals; white; rare. Contains arsenic. 

COPPER MINERALS. 

Enurgitc (OiijAsS,). Orthorhombic; iron-Muck; cue good 
chxivage; hi jtisperoid; small crystals in vugs. 

Eamatinitc (GiijShR.). Reddish gray, inlergrown with 
enargite. 

Tot rub ed rite (GUgSb jS T ). Isometric; dark gray, massi ve; i 11 
juspemid; not common. 

t 'Imlcocitc(CUjS). Orthorhombic; blackish lead-gray; sec¬ 
ondary; not common- 

Covollite (OuS). Hexagonal; metallic blue; secondary; 
small crystals pnlverulont; common. 

Chiilcopyrito (CuFeR.). Tetragonal; braas-yollow; not 
common. 

Native copper (Cu). Isometric; copper-rod; fairly com¬ 
mon in small quantities. 

Cuprito (Cu 3 0). Isometric; red, massive, comimct; emn- 
mou. 

Melaconitc (CuO). Black; amorphous; doubtful. 

1 Tho zprllloK "c -nr-ilo" too bc-n aitopifd by lb* I ni -d Sialr 

O- 1). ideal Survey. Tbe wrlltr prvfrrs “wnissitc/* Iheturm uv-il tiy 

Dana. 
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Capper pitch oro (C'uO ,Si0MnO... H ..O). Brown or black; 
(1 cdbo i amorphous; common. Oi indefinite chemical 
composition; probably of colloid origin Not a van- 
el)' of chrydocolhi. 

Malachite (CuCOj.CufOH),). Monnrlituc; pure green, fib¬ 
rous; velvety cruets. dernier prams; common. 

Azuritc (2CuCO, Cu(OH) 3 ). Triciinic; azure blue, cry stal- 
line crust- 1 ! or massive; common. 

Aurichalcite (basic carbumito of copper and /.me,. Pale- 
bluish druses and flal.es; rare 

Chrysocolla (iluSi0,.2II ; 0). Cryptccrystallice; massive; 
blue or green, not common. 

Brochanlite (OnSO,.3011(011)*). Orthorhombic; dark 
green to Mudfish green; fairly abundant. 

Lettaomite(cyanolriehite)(ICuO.H a O,,SO,.SII,0). Capil¬ 
lary crystals in'dru.-a-s; smalt-blue; very rare. 

Una rite (bawc sulphate of copper and lead), Monoclinic; 
deep-blue crystal; mix'. 

Olivonito (Cu,\s,0,.Cu(t>I[)._.). Orthorhonibic; various 
sluidcs of olive-green, also rod; prismr.tie crystals; 
rarely velvety crusts; very common. 

Clinoel twite <CujAri.O,.SCu(OH)j). llonoelinic; bunches of 
crystals; sphorical fnrma, one perfect cleavage; dark 
green with bluish tinge; fairly common. 

Erinite (Cii,Aa,O f .2Cxi(011)*, Dark, dirty green; mam¬ 
millary or small fibrous spheres; rather unoemmon. 
Tyrolito (Cu J \s/5 i .2CufOHJ 3 4-71l ; .Ot). Pale green in¬ 
clining to sky-blue; one perfect cleavugo; foliated 
segregates and Ian-shaped groups; rather uncommon 

ChnlcophyHito (Cu 3 As*O s .2Cu(OH) ,-i-1111,0'’). R'iom- 
bohcdral; one perfect cleavage; emerald or gnu-s- 
gtecn; very rare. 

Chcnevixite (Cu*(Ft!O) ;! A8. J 0 s -|-3H 2 0?). Masaivo; green¬ 
ish yellow; r.tre. 

Conichaicito ([Ci;.Ca] 3 As,0g.CuCu(0II).j4-IIl 1 0?). Char¬ 
acteristic bright yellowish green; mammillary crusts 
and small spheres; very common, 

Mixitc (basic hydrous arsenate of copper and bismuth). 
Sleudcr radiating, capillary pale-bluish tufts oi 
crystals; rare. 

Conuellite (basic hydrous chlorosulphate of copper). 
Radiating fibrous crystals; bright Prussian blue; al¬ 
most metallic luster; very rare. 

Spangolito (basic hydrous chlorosulphate of copper and 
aluminum). Hexagonal, thick prisms; pale, green to 
bluish green; perfect basic cleavage; very rare. 

IKON MINERALS. 

Pyntc (FeSj). Isometric; small cubes, octahedrons, pyri- 
tohedrons or massive; pale yellow. 

Marcjsite (FcS-.). Orthorhombic; rare. 

Arsenopyrite (FeAsS). Orthorhombic; massive; grayish 
white; rare. 

Limonite ( 2 Fe..CI. 311*0). Dark brown to yellowish 
brown; fibrous or earthy; common. 

Hematite (FccO,). Rhonibohedral; steel-gray with red 
streak, or red and earthy. 

Scormlito (FcAsOj-t-II.O). Orthorhombic; bluish-green 
prisms and pyramids. 

PhnrmncoKulerilo (UFc.\s0,.2Fc(0Hl 3 -|-12TT.,0), Isomet¬ 
ric; crusts or isolated small brown cubes; not comnion. 

Melauterito (FcSO,.711,0). Monoidinic; pale-green crusts. 


•Ians’!te (K 3 O.3Fe,0 a .dSOj.eHjO). Rhonibohedral; yel¬ 
lowish-brown, hexagonal scales; soft; much of the 
material called "jarositc ' 1 is probably plunibojarosite. 
Ctahito ( iFe.jt I* 2SO, . 71J >0 ). Scaly; orange-yellow; per¬ 
haps identical with jarc-site 

MAN GAN KSE MINERALS. 

Pyrolusite ami wad (MaO and hydrated forms). Black; 
massive, fibrous, or earth)’; common in small quanti- 
(ics. 

Manganite (Mb X)*.]! ,0). Black; lamellar aggregates; 
rare. 

ZINC MINERALS. 

Sphalerite or rice blende (ZuS). Isometric; dark brown; 
massive, rarely crystallized; rare except in veins in 
rnou/.cmte. 

Smithsonite (ZnCO a ), Rtioinbohedral; reniform crusts; 
replacement of limestone; common; with iron carbon¬ 
ate variety, monheimite. 

Calamine (H*Zn.SiO,,). Orthorhombic; small crystals and 
white mammillary forms; fairly common. 

Hydrozimitc (ZuCO J . 2 Zn(OH),). Write; chalky or 
fibrous; alternating with smithsonite in reniform 
crusts. 

Goidnrite (?) (ZuS0 4 .7FI 2 0). White elllorescenccs. 
Adamite (ZnjAscOj.ZnfOII).,). Orthorhombic; pale-green 
crusts; rare. 

Auriclralcite (basic carbonate of zinc and copper). See 
above under “Copper minerals.” 

BISMUTH MINERALS. 

Native bismuth (Bi). Rhombohedral: reddish silvery 
white; rave. 

Bisrrito (BUG,). Earthy-yellow crusts. 

Bismutite (Bi*0 3 ,C0*.IJ.,0). Yellow; earthy. 

Xfixite (basic hydrous arsenate of copper and bismuth). 
See above under "Copper minerals.” 

Arsenobismite (2 F> bO,. A z.,0., 2 LI -O). Yellow; earthy 
cryptocrystallinc; new mineral. 

URANIUM MINERAL. 

Zeuncrite (Cu(U0 2 ),.ASj0 3 4-n*O). Tetragonal; small 
uraniuni-yellow tabular crystals on barite: very rare. 

FEATURES OF THE OCCURRENCE OF MINERALS. 

In the following paragraphs is given a run¬ 
ning comment on the mode of occurrence mid 
special localities of the minerals listed above. 
The genesis of the deposits and the general 
course of alteration are discussed in another 
place. 

GAXGUT. MINERALS. 

Quartz. —All the deposits contain quartz, 
which occurs in two forms. (1) As a fine¬ 
grained aggregate replacing limestone or dolo¬ 
mite, the structure mul texture of which may 
be preserved. Some of it contifius residual 
ealcite or dolomite. The color is gray or hluisk 
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"ray, or both, alternating in delicate banding. 
Such replacement quartz has often been called 
jnsperoid (I'ls. XX-XXII, pp. 157-159). (2) As 
later crystalline crusts with small crystals, 
usually projecting only with the pyramidal 
faces. These crystals are generally not more 
than a few millimeters long. Longer aud 
thicker crystals may he found on some veins 
in nionzonite. This quartz is of the second 
generation, preceding oxidation. A third gen¬ 
eration of quartz occurs in places, and a fourth 
generation of small crystals is hero and there 
deposited on products of oxidation. The 
quartz grains in many varieties of jnsperoid 
are believed to have crystallized from an ini¬ 
tial replacement by gelatinous silica, and much 
of the quartz of the second generation, pre¬ 
ceding oxidation, is likewise crystallized from 
an. initial deposit of silica gel. Chalcedony is 
present as spherulites nud vcinlets. 

Calcite .—Cnlcite is not a primary gangue 
mineral, except that residuary masses may be 
rarely found in jnsperoid. In breccia ted lime¬ 
stone calcite is abundant in scalcnohedral 
forms; in caves of recent origin culcito in long 
branchlike crystals and botryoidul masses is 
very common. Calcite is also one of the lat¬ 
est products of oxidation processes and here 
appears as flat rhombohedrons. 

Aragonite .—In caves of late origin or as 
bunches of slender prisms, aragonite appeal’s 
here and there, forming one of the latest prod¬ 
ucts on oxidized ores. 

Dolomite .—Minerals allied to dolomite and 
ankeritc are common in breeciated limestone 
and locally also cement fractures in ore bodies, 
but they are not ordinarily gangue minerals, 
properly so called. Crystals of rhombohedrnl 
forms are sometimes seen, but ordinarily the 
minerals form coarse granular aggregates. 

Barite .—Barite is an almost universal gangue 
mineral of both the earlier and later phases 
of primary mineralization. Large masses of 
coarsely granular or platy ban to aggregates 
are seen in the Centennial Eureka and Grand 
Central mines, also in the veins of the Carisa, 
where at the junction of tw r o veins tlic barite 
forms a solid body 25 feet wide, 40 feet or 
more long, and 50 feet in vertical extent. 
Large plates of barite several inches long are 
in places intergrown with sulphide minerals 
and with quartz. Several generations of barite 


are often seen; any generation may he partly 
replaced and coated by quartz, and sometimes 
the crystal has been entirely dissolved, leaving 
a cast of the tubular crystal. The perfect crys¬ 
tals arc very small. Where the mineral is 
present in considerable amounts, it is gener¬ 
ally associated with the copper-gold ores, par¬ 
ticularly with enargite. 

Gypsum — Gypsum belongs to the oxidation 
phase of the deposits and is widely spread in 
the oxidized ores. Curved small crystals were 
found in a cavity in the zinc slopes of the May 
Day mine. Long, slender crystals were found, 
according to Tower and Smith, in open spaces 
in the Ajax veins, and these were coated with 
stalactites of limonite. Still better crystals of 
gypsum were found in a cave in iron Blossom 
No. I (p. 243). 

Alunitc. -Aluminum sulphates are far more 
widespread than was expected and are found 
at many places in tho oxidized ores. Incon¬ 
spicuous white kaolin-tike masses of alunitc 
occur in the country rock of some of the 
deposits—for instance, in a block shale com¬ 
mon underneath some ore bodies of the Iron 
Blossom. Microscopic crystals wore found in 
some of the veins in monzonitc and in an out¬ 
crop of replacement quartz or silicified por¬ 
phyry near the Governor shaft. 

Crandallitc .—A new mineral, 1 wnth the for¬ 
mula CaO.2Al,O v P 2 O g .511,0, has been found 
only on the dump of the Brooklyn mine. It 
is named crandallitc, after Mr. M. L. Crandall, 
engineer for the Knight, syndicate, who ren¬ 
dered much valuable assistance during the 
writer’s study of the mines in the Iron Blossom 
and Godiva zones and in the igneous rocks. 
It is a white to yellowish-gray dense to librous 
hydrated phosphute of aluminum and calcium 
and lias apparently resulted from the altera¬ 
tion of a nonfibrous mineral similar to goyozite 
(hainlinite). The material seen forms tine 
botryoidal crusts, lining and partly replacing 
the walls of cavities in quarlz-barilc-sulphide 
vein matter. It is coated with a thin layer 
of tenonte. In part it has a pearly lust or on 
basal cleavage surfaces. Cleavage fragments 
prove under the microscope to be uniaxial and 
are believed by Mr. Schuller to represent the 

i Tor a eontfifot# dweririt tail with dbcuubn of tbft obamlotl nud 
jnlrusmJng.tr ruMi«ui of rmndalliu*, »«i Lou^hlJi), G. K., find ScJinltor^ 
\V. T.j PTTUPf&lIlto, a dow mineral: Am. Jaur. Sd., -lib ser., vol. i3 ( 
pp. W-7-4, J917. 
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cleavage of the original mineral (goyazite or' 
hamlinitc) whose alteration has yielded ernn- 
dailite. The cleavage of the tinelv fibrous to 
cryptocrystalline crand&Uite coidd not be de¬ 
termined; neither could its specific gravity, 
owing fo (he impossibility of obtaining ma¬ 
terial free from associated minerals. The 
hardness is between 4 and 5. The indices of 
refraction range from a minimum of 1.585 to 
a maximum of 1 .595. Before tho blowpipe 
crandaUile decrepitates somewhat, then exfo¬ 
liates slightly, and fuses to an opaque, white 
enamel, coloring the flame intermittently a 
pale green (phosphorus) with occasional flashes 
of red (calcium, strontium). In a closed tube 
decrepitation occurs with the liberation of 
water. It is soluble in acids. The chemical 
analysis is as follows: 


.taatysi# »f cmndaUlU:. 

(W. T. iikhiillcT, aualysl 1 



Analysis. 

Recalcu¬ 
lated with 
ii.'mluble 
matter 
deducted, 

Tnsnlubla mat tar.. 

35.13 
25.1G 
4.88 
1.44 
.fit 
17.01 
2.47 
.81 
12. 20 


A 1,0. 

38.71 
7.50 
2.21 
.01 
27.09 
3.80 
1.29 
18.8I> 

CnO. 

SrO. 

MgO.. 

PjO.. 

Sf), . 

u,0-. 

11 0+. 


100.40 

100.40 


Sulphur .—During the earlier survey sul¬ 
phur was found in the Eureka Hill mine as 
nearly perfect, crystals one-eighth of an inch 
in diameter coating unglesilo that was 
attached to galena in cavities. It was also 
found inemsting the walls of the Sioux-Ajax 
tunnel. 

Tho foregoing list of gnnguc minerals Is 
unusually short for deposits so complex. Flu¬ 
orite, siderito, rhodoehrosito, chlorite, and 
zeolites are entire^’ absent, as is the whole 
series of silicates, boro-silicates and fluo-sili- 
catesof tho high temperature deposits. 

GOLD A XU SILVER MINERALS. 

Gobi. -Native gold is rarely seen iu the 
Tintic ores, though many of the copper-bear¬ 
ing or purely siliceous ores contain gold to tho 


amount, of several dollars to tho ton. In the 
parol}- siliceous ores—for instance, those of 
tho Iron Blossom No. 1, which are honey¬ 
combed and cellular and contain but little 
limonitc—tho gold, though present to the ex¬ 
tent of several tenths of an ounce to tho ton, 
Is very rarely visible. Iu the enurgitc ores, 
which may contain equal amounts, free gold is 
never scon, and the pure enargite carries about 
S3 to 312 in gold to the ton. According to 
Tower and Smith, 1 "Special tests on the 
gold-bearing ores have shown the presence of 
smull amounts of tellurium; that gold is com¬ 
bined only with tellurium is very uncertain. 
It muv also (in the primary ores) have been 
associated with pyritc.” The mines that 
have yielded most gold are tho Centennial 
Eureka, Mammoth, Grand Central, Victoria, 
Eagle and Blue Bell, Gold Chain (Ajax), Opo- 
honga, North Star, and Iron Blossom No. 1. 
Rich gold ores containing many ounces to tho 
ton wero found locally in these mines. The 
largest shoot of gold oro, xvliich contained few 
other valuable constituents, was found in the 
Apex shoot of the Mammoth, particularly on. 
the 1,500 and 1,600 foot levels (?). Such ores 
are quartzose and always show native blight 
yellow gold, which is clearly of secondary na¬ 
ture, deposited during oxidation as flakes on 
joint planes (Victoria) or as nests in partly dis¬ 
integrated and oxidized jasperoid. 

Silver .—Native silver is sometimes seen, 
chiefly in the upper levels of the mines that 
contain galena, where it is neither plentiful 
nor conspicuous. It forms small sheets and 
wires. Secondary wire silver is also found in 
the Gemini mine on level 19, below the water 
table; there was some oxidation and one wire 
was found to penetrate a crystal of cerusite. 

CtrargyrUc. —Corargyrite, or horn silver, in 
thin gray or brown flakes and coatings was 
exceedingly common in the partly oxidized 
lead ores. Tho Gemini and Eureka Hill 
mines huve had largo bodies of chloride ore 
from the surface down to the 800 or 1,000 foot 
levels. The typical horn-silver ores are sili¬ 
ceous und carry only a small percentage of 
lead, mostly in the oxidized form. In lute 
yearn much of this kind of ore has been mined 
on the 1,200-foot level of the Eagle and Blue 
Bell mine. Tower and Smith 3 meution the 

1 Toi.tr, G. W., jr., and Smith, C. O., op, ull , p. go* 

t Idom, p. 721. 
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occurrence of crusts of horn silver half im inch 
thick in the Gemini mine. The corargyrito 
certainly becomes less conspicuous at great 
depth, and galena appears instead. The 
writer is informed hy Mr. John McChrystal, 
however, that liorn silver was found in level 16 
of the Gemini mine, 1,700 feel below the sur¬ 
face. 

Argtnliu —Argentite is not a rare mineral at 
Tin tie, hut it can rarely bo identified without the j 
aid of a microscope. It occurs in microscopic 
grains in all the argentiferous galena of the 
district. In this form it is primary. Argen- 
tite associated with native gold and cerargy- 
ritc was found in mauv specimens of rich ore 
and is here undoubtedly secondary. As a mi¬ 
croscopic product of the replacement of prous- 
tite it was observed in a specimen from the. 
Chief Consolidated mine., obtained at. a depth 
of probably about 1,000 feet. 

Sulpharsenides of silver- Proust ite occurred 
in the specimen just mentioned and is doubt¬ 
less secondary; at any rate it is decidedly later 
than the latest crustified quartz. “Ruby sil¬ 
ver" is reported from level 19 of the Gemini 
mine but is evidently very rare in the dis¬ 
trict, a remarkable fact considering the fre¬ 
quent association of enargite with silver¬ 
bearing ores. 

Stephanite and polybasite are likewise ex¬ 
tremely rare if they occur at all. On the other 
bund, pcareeite (exact locality unknown) was 
found by Mr. Maynard Bixby, of Salt. Lake 
City, in a car of Tintic ores, and crystallized 
specimens of this mineral are, according to a 
letter from Mr. Bixby, in the Field Museum in 
Chicago, in the American Museum of Natural 
History in New York, and in the Cement col¬ 
lection. The mineral was identified by Pen- 
field. A gray massive mineral probably identi¬ 
cal with pea recite occurs abundantly, inter- 
grown with galena, in the Gem shoot in the 
Gemini mine from level 14 to level 19 (fig. 19, 
p. 1S9). It melts easily in the. flame of the alco¬ 
hol lamp and contains abundant silver, arsenic, 
and sulphur, with some copper. (See p. 179.) 

LEAD MIXEHALS. 

Galena .—Galena is one of the most common 
lead minerals of Tintic and occurs in all the 
mines, though not abundant in those in which 
much enargite and barite are present. In such 
mines galena is sometimes found on the outer 


side (in the “easing") of ore bodies. The 
bodies of galena are associated with quartz and 
ft lit tle barite, and some very large ore shoots of 
almost pure galena have been mined. Tower 
and Smith mention masses of galena ore from 
the Uncle Sum mine carrying 75 per cent, galena 
by (lie hundreds of tons. More recently large 
quantities of high-grade galena ores from the 
lower levels in the Eagle and Blue Bell mine 
have been shipped. The galena rarely forms 
well-developed crystals, but occurs commonly 
in crystalline aggregates the grains of which are 
from 1 to 5 millimeters in diameter. Fine¬ 
grained “steel’’ galena usually occurs in partly 
oxidized bodies. Much of the galena appears 
in two generations, connected respectively 



Ficcan 17 sknii h nC potUhM w.tqo of ora from Ka/.’to and Blue DeJl 
mint). G.jKmiu oxidizing tii uiijtfndto, Zinr Mend* inUrgiwn with 
KnkuA. i leocroaito rrpim ir $ galena. Covolli! c d<»v«tap4ng alas v au- 
{initi conUoL 

with the fine-grained jnsperoid and the crusti- 
fied quartz. Locally galena of a still later 
generation forms films on joint planes. All 
the galena contains silver but rarely more than 
50 ounces to* the ton; much of it runs only 30 
ounces, and in some of the mines distant from 
the centers of metallization it may contain only 
a few ounces. The silver content is depend¬ 
ent. upon small included grains of argentite, 
Arufle.nte .—The first alteration product, from 
galena during oxidation is nnglesito (fig. 17; 
PI. XXVI, E, p. 1G6). It is a widely spread 
mineral but occurs rarely in large, quantities. 
In tho massive form it usually has a dark color 
caused hy finely disseminated galena. The 
beautiful anglesite crystals from the Eureka 
Hill mine, which appear as drusy crusts in cavi¬ 
ties of galena, arc found in many collections. 
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flcmsitc.- —The most abundant lead mineral m 
the district is cerusilo. It is common in all the 
mines, and locally as in the Colorado and Iron 
Blossom mines, it occurs in very large masses. 
Anglosito rapidly changes to cerusito under the J 
influence of water containing carbon dioxide. | 
Silky tufts of slender crystals are common in 
the oxidized ores, but the mineral is more abun¬ 
dant in granular or massive earthy and sandy 
aggregates of wliile to yellowish color, in great 
part directly replacing massive galena. Tho 
cerusito invariably contains silver, at least when 
in granular or massive form. Assays of pure 
material from the Iron Blossom gave about 20 
ounces of silver to the ton. 

Other lend minerals .—Lead hi lli to is known 
from one occurrence in the Eureka Hill mine, 
with nnglesitc; the specimen is in the Holden 
collection in Harvard University. 

Cotuunite, the chloride of lend, may he pres¬ 
ent in minute quantities in some of the. oxidized 
lead ores which give a trace of lead and chlorine 
upon extraction with hot water. 

Phosgcnito, the rare chlorocorbonnto of 
lead, was recently identified by Prof. Charles 
Pulncho. It occurs on a specimen of ecrusile 
in the Holden collection as a. grayish-brown 
crust replacing the carbonate. An unidenti¬ 
fied oxyclilorido was determined by Mi*. 
Whitehead and Prof. C. H. Warren on a 
specimen in tiie collection of the present sur¬ 
vey obtained from the 1,000-foot level of the 
Eureka Hill mine. It forma minute yellow 
probably orthorhombic prisms and rounded 
aggregates. It is soft and rather brittle, 
fuses easily, and yields load, chlorine, and a 
little arsenic. 

Minium is sometimes seen as a bright-red 
curl by coat ing on oxidized ore and is ono of 
the latest products of oxidation. 

Mimotilc trom Tintic (locality unknown) is 
contained in specimens of oxidized ore in the 
Holden collection, but in general arsenates ot 
lead are rare in the Tintic district. Pvvomor- 
phitc has been identified in specimens from the 
Eureka TTill mine in the Holden collection. 
The mineral occurs as slender white noodles in 
vugs and also appears to contain some arsenic-. 

COPPER .\1IXDUALS. 

r.nargitt. The principal primary copper 
mineral at '.Untie, though relatively rare cbe- 
where, is emirgito. There are few mines in 


which it docs not occur at least in a subordinate 
quantity*. It lias been found in tho lead mines 
of the Iron Blossom zone and in the Gemini 
mine and occurs in largo quantities in tho 
Centennial Eureka, Mammoth, Ajax, Gold 
Chain, Opohonga, Carisa, and other copper 
mines, also in many of tho deposits in the mon- 
zonito. To a large extent the enargito has been 
destroyed by oxidation (fig. IS); but even 
in the upper levels of the mines mentioned 
much of it has been found. Considerable 
onargite was found in the Apex ore body of i be 
Mammoth mine, 100 foot- or less from the sur¬ 
face. The eriurgito occurs mainly in coarsely 
crystalline aggregates of iron-black color and 
excellent prismatic cleavage. Some of the indi- 



Florae —£»r'.<ti«f poIi:h»i *cctlou of rn^Un orr from Victoria 
mine, itowfn* vriu o( copp*»r Amcnato (vrhl(p) irilh lir.in;* und 
nirtkiLx oCcltuir.xri'o(U< k rmy) and taler covrilito (Mack). 

vidual grains may be 2 or 3 inches in length, 
being mostly elongated along tho prismatic 
axis. Good but very small crystals were seen 
on quartz in rugs in oro from iho Eureka Hill 
mine; crystals ore also said to have been ob¬ 
served in tho Homes take vein and on tho dump 
of tho Sunbeam mine in tho monzonite area. 
Enargito is associated with barite and jusporoid, 
und much ot it contains small grains of pyrite 
and chaloopyritc. 

FamatmiU .—In places in (he Mammoth 
mine- -for instance, in tho Apex ore hotly, 100 
feet below the surface—a metallic mineral al¬ 
lied to famaUnite occurs so intimately asso¬ 
ciated with onargite that pure substance for 
analysis is difficult to obtain. This mineral is 
of a reddish-gray color and has a dark-brown 
streak. A small quantity was analyzed by 
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George Steiger und found to contain 37.73 per 
cent of Clipper, 14.31 per cent of antimony, and 
29.07 per cent of sulphur, but Mr. Steiger slates 
that these figures should be regarded as only 
approximate. It also contains arsenic. Pure 
famatinito should contain 43.3 per cent of cop¬ 
per, 27.4 per cent of antimony, and 29.3 per 
cent of sulphur. An arsenical lamatir.ito from 
Goldfield, Nev., 1 yielded copper 48.0, arsenic 
11.0, antimony 12.2, sulphur 2S.8. 

Ttf.raliedritc. — 'l’etrnhedritc is not common in 
the Tintic district. It was definitely identified 
from a vein crossing the contact of limestone 
and monzonite on level 19 of tho lxiwer Mam¬ 
moth mine, where it. is associated with pyrile, 
zinc blende, and barite. It also occurs in ore 
from tho Gem channel, on level 14 of tho 
Gemini mine, where it is mixed with galena and 
a little pvritc iu a siliceous gangue. In small 
grains it is comtr.ou in siliceous copper ore from 
the. Eureka Hill mine. In tho earlier report it 
is said to occur in a specimen from the Black 
Dragon mine. 

Ttnnartlile. —The eavlicr report, mentions 
tennantite from the Ceutcnnial Eureka and 
Boss Tweed mines, but the identification was 
not complete. So far, typical tennantite has 
not been positively identified. 

Chalcolite .—In small amounts chalcocite re¬ 
sults from tho oxidation of enargitc and fumnti- 
nitc; it develops contemporaneously with ar¬ 
senates of copper, particularly olivenilc, and is 
found in many places in small streaks and grains 
embedded in olivenite and also along the mar¬ 
gins of enargite (fig. IS). In larger amounts it 
has been found only in the Centennial Eureka. 
In many specimens of enargite it is observed 
as small-sooty aggregates, often with covellite. 

Covellite .—CoveJIito in small amounts is, like 
chalcocite, u common alteration product of 
enargite (fig. IS), tetrahedrite, and famati- 
nite. It was found on zinc blende in a speci¬ 
men from the Black Jack dump and on galena 
in microscopic grains in specimens from many 
mines such ns the Colorado, Gemini, and Iron 
Blossom (PI. XXVI, C, p. 1G6). Like chnlro- 
cite, it. is the first product of oxidizing alteration 
ami is closely associated with copper arsenates. 
The Holden collection contains specimens from 
the Eureka Hill mine allowing covellite in 

> Ruuvim, F. I.., The goolw unJ two deposits ol Goldllrld, New: 
C. S. Geoi. Surrey Prol. Piper te, p. 118, IvOO. Analysis by W. T. 
Sdmller irwak-nhited). 
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minute tabular crystals on anglesite and of 
almost contemporaneous origin. 

liornite. —Tower and Smith mention one 
occurrence of bornite, said to form a decompo¬ 
sition product of chnleopyrito. They do not 
stale the locality, and the mineral has not been 
identified during the present, investigation. 

Ch.alco\friti. . —Cha 1 copyrite occurs sparsely 
in many of the. copper mines and was particu¬ 
larly noted in Centennial Eureka and Grand 
Central. It is present in small quantities asso¬ 
ciated with enargite and in places inclosed by 
it as small unhedrons. It was also observed 
with pyrile, ehaleopyritc, and zinc blende ill a 
vein in monzonite in the Lower Mammoth 
mine. 

Native copper and cuprite. —All of the copper- 
bearing ores probably contain some native cop¬ 
per and cuprite, but these minerals are rarely 
conspicuous. Native copper is mentioned as 
occurring in the Eureka Hill and Boss Tweed 
mines. During t he present investigation it was 
found in specimens from the Couletinin) Eu¬ 
reka, intimately associated with cuprite. 

M ?} aconite (U norite). —In (lie report by 'Power 
and Smith melnconito is stated to occur abun¬ 
dantly ir. black earthy masses, but it is proba¬ 
ble that most of these arc really sooty chalcocite. 
One specimen from the Brooklyn dump showed 
a thin coating of tenorite on crandallitc. 

Copper pitch ore .—The indefinite minerals 
grouped under the term copper pitch ore, con¬ 
taining oxides of copper, iron, and manganese 
with silica and water, are common, usually in 
dense red or brown masses with conchoids I frac¬ 
ture. One specimen from the Ajax dump shows 
alternating bauds of this material with mala¬ 
chite. It :s amorphous and of colloid origin. 

Malarliite and azuriie .— 1 The basic carbonates 
of copper, malachite, and nzurite, are rather 
abundant, though much of the material that 
looks like malachite is really copper arsenate. 
Both minerals are formed from enargite, tetra¬ 
hedrite, and famatinite, but they arc usually 
later products of oxidation resulting from the 
decomposition of arsenates or from the action 
of calcium enrbonute solutions on soluble cop¬ 
per sulphate. Good specimens of malachite 
were obtained from the East vein in the deeper 
levels of the Iron Blossom mine. Neither 
mineral is particularly characteristic of any 
given horizon in the mines. 
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BroehaiUite. —The basic copper sulphate 
brochantite is not common. It is described by 
Hill (‘brand and Washington 1 as occurring in 
small prismatic or double wedge-shaped crys¬ 
tals. The Holden collection contains a speci¬ 
men from tho Centennial Eureka mine. 

Lettsomite arid llnnrilt .—The blue lettsomite . 
is reported by Dana from the Ajax mine in 
velvety crusts or globules. Mr. Maynard 
liixby, in a recent, letter lo the writer, slates 
that some very fine lettsomite bus recently 
been found at. Tintic. Mr. Bixby also stales 
that limirilo specimens, probably from (he ■ 
Bullion Beck or the Gemini mine, arc in the 
Field Museum in Chicago and that recently 
good linarite is said to have been found in the, 
800-foot love! of (be Mammoth mine. 

OliveniU. —Of the many copper arsenates 
found at Tirilic olivenile contains tho least 
water, and if is usually the first, oxysnlt to form 
during the oxidation of enargitc. It is proba- . 
bly the most common of t he arsenates. Enar¬ 
gitc traversed l>y a network of olivenile veins 
is often seen, The mineral appeal's in many' 
colors mid modes of aggregates. It is massive, 
dense, or crystalline or forms velvety crusts; 
very commonly' it is crystallized in prisms 
several millimeters in length; more rarely' it 
is tubular, as in a specimen from tho Cen¬ 
tennial Eureka, identified by Prof. C. H. War¬ 
ren. In color it is olive-brown, olive-green, 
yellowish-green, pure brown, or rarely reddish- 
brown. It. occurs in every ono of the copper 
mines til Tintic. 

Tijrol'.te and clutlcvpkyUUii. —The pale-bluish 
foliated and fmi-shnped aggregates of tvrolite 
are, found rather commonly in the oxidized 
copper ores, particularly in the shoots of the 
Ajax and Mammoth mines; in places the t.yro- 
lilo occurs with elinoelasitc. Chalcophvlliio is 
not easily' distinguished from tyrolite; under 
the microscope tho uniaxial character of the 
former is the most easily available test. 

ClinoiJa-'filt ,—The dark bluish-green clino- 
clnsite, which in many places forms curved or 
spherical aggregates of rather largo size, is ono 
of the characteristic arsenates of the Mam¬ 
moth-Ajax copper zone but, is certainly' not 
common elsewhere. It is generally' one of the 
later arsenates, developed upon olivenite and 
locally covered by nzuritc. 

* Tflife brand, \v. F., utul TYtiaiilnctun, IT. S. # Notes cm ccrtitln rare 
copper iniHiT.t’ji from Utah: U. 9. Cool. Purvey Hull. M, p. 47, istf). 


ErinHe.- -Oxidized ores- from any of the cop¬ 
per mines may show small dark-green or dirty 
grayish-green mammillary crusts and spheres 
of erinitc. It is one. of the later minerals and, 
though common, rarely appears .n abundance. 

ConicJuildU.— The arsenates already enu¬ 
merated are rather free from metals other ihan 
copper; I or 2 per cent of zinc is commonly 
present., but there is little iron, calcium, or 
magnesium—in fact, magnesium is rarely found 
in more than traces. Tyrolite, however, con¬ 
tains, according to ltillebiTuul's analysis, 6.84 
per cent of CaO, and in conichalcite calcium 
appeals as one of the principal constituents. 
ltiUcbrand's analysis *of conichalcite 2 shows 
lb.79 per cent CaO, 0.54 per cent MgO, and 
0.3G per cent Fed),. The mineral is essentially 
a hydrous arsenate of copper and calcium. 
Hillebrand found also 0.30 per cent Ag, which 
is not combined with chlorine but is probably 
present as a silver arsenate. Conichalcite ap¬ 
pears to be a mineral characteristic of the 
Tintic district; one of the few places of occur¬ 
rence is at Hinnjosa, in Andalusia, Spain, but 
that variety contains vanadium and no zinc. 
Dana’s handbook incorrectly states t hat coni- 
chuloite resembles malachite; it has, in fact, a 
very characteristic bright pistachio-grccn color 
that should not easily bo confounded with the 
pure green of malachite. 

At Tintic conichalcite is probably' the most 
widely distributed copper arsenate and occurs 
in small fibrous spheres or more rarely in mam¬ 
millary crusts. It has been observed in all the 
j ore that carries copper, even if mixed wit lx 
much lead, and always belongs to the later 
series of arsenates. It develops from the 
action of calcium carbonate waters on arsenate 
solutions derived from the earlier series of cop¬ 
per arsenates. In many places the little glob¬ 
ules incrust leached quartz from which most 
of the other arsenates have been dissolved. 
Hillebrand found it very difficult to obtain 
pure material for analysis, as most of the little 
| spheres contain a core of ganguc material. 

ChenevixiU. —Ferric arsenate Lu combina¬ 
tion with copper arsenate and water forms the 
yellowish-brown massive mineral ehenevixite, 
originally described from Cornwall. Clicne- 
vixite seems to be a well-established species 
i from the chemist’s viewpoint, but its optical 

* niJIcIcnji'l, W. y., Asia l r.m in trnls from l 'tnh: V. 9. itooL 
I Survey UuLI, an, p. 94, is*i. 
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characteristics have riot been determine*! mid it 
can riot he easily distinguished from the mas¬ 
sive varieties of olivenite from the American 
Engle mine described and analyzed by Ilille- 
brand.* 

.1 fixi-te. —lit some of tlio mines that contain 
bismuth ores (Mammoth, Ajax, Boss Tweed, 
and C’urisa), tufts of slender crystals of the. bis¬ 
muth-copper arsenate mixitc have licen found. 

Other copper mini rate. — Basie copper chlo¬ 
rides ami ehlorosulphalcs are rare. Prof. 
Charles Pnlnehc has recently shewn the writer 
specimens of conncllite and spangolile from 
the. Grand Central mine. Libcthcnile, a phos¬ 
phate of copper, is reported to have been found 
in the district, but no definite authority for 
this statement has been obtained. 

1 RON' MINERALS. 

Pyrite .—Veins in the igneous rocks generally 
contain much pyrite, both in massive form and, 
more rarely, crystallized in octahedrons and 
pyritobedvons. In finely divided form it is 
also abundant ir. many altered igneous rocks 
both near and distant from veins. The Inti to 
und monzonite porphyry at the southern con¬ 
tact con tain much pyrites, and it is also common 
in extremely small grains in pnrtsof the Packard 
rhyolite and in the dikes in limestone. 

In the mineral deposits in limestone and dolo¬ 
mite pyrite is much less abundant. Very little 
is contained in the lead deposits, and most of 
that once present has been destroyed by oxida¬ 
tion. Its mode of occurrence seems to be 
mainly in small crvstnls of the usual pyrito- 
liedral form, inclosed in silicificd limestone; in 
places the conversion of these small crystals to 
limonite can bo readily observed under the 
microscopo. Occasionally small aggregates of 
massive pyrite arc seen. 

Pyrite was more abundant in the copper 
deposits, as shown by the more abundant limo¬ 
nite in the oxidized parts, but in all these 
deposits and at all depths more or loss pyrite 
ivinuins; It is generally associated with ennr- 
gite and much of it occurs in small grains and 
crystals inclosed in that mineral; smaller aggre¬ 
gates of massive texture are often seen. It is 
not usunlly intergrown with clinlcopyrite. 

Vo secondary pyrito has born observed. 

Marcasite. —Mnrcasito(?) has hecn noted only 
in the Gemini mine in the Gom channel, on | 


the 1,400, 1,000, and 1,900 foot levels, mainly 
below the water level and in association with 
the peculiar secondary sulpliide ore described 
elsewhere (p. 170). It occurs alone, cementing 
a breccia of impure dolomite and also with 
galena, zinc blende, and peareeitO (tig. 19) 
as spherical fibrous aggregates and rounded 
thin crusts; also in a breccia of silicificd rock 
and dolomite ; . It may, however, he fibrous 
pyrite. 

ArsfnopyrUe .—Tho only occurrence of tir- 
sonopyrilo is in the pyrite ore of the Swansea 
mine. 

Limonite and ollur fi rric hydroxidrs. — Limo¬ 
nite is abundant hi tho copper mines, less so 
in the loud mines. It is usually yellowish 
In-own and earthy, hut- in the outcrops—for 



FiouiiS l'-.—Sketch of poilsitixl arc! inn of ow* from level 10, Gemini 
nun?, nhoMnq splicri^il a c/rebates ai mnrcaf-lto (7) wUh quail*. 

instance, that of the Eureka Hill mine—it 
occurs in stnloctitic and reniform dark-brown 
hard masses. In the caves of the Ajax mine 
stalactites of limonito 2 or 3 feet long were 
observed by Tower and Smith, covering gypsum 
crystals and surmounted with calcito crystals. 

Tho other hydroxides may also bo present. 
Mr. Maynard Bixby,of Salt Lake City, reports 
in u letter that goetliito has been found in 
crystals several millimeters in diameter. 

In large dense, fibrous, or earthy masses 
limonito occurs at tho Dragon iron mine, tho 
Black Jack mine, and other places as a replace¬ 
ment of limestone. 

Homntito is not commonly seen in the ores 
from the Tin lie district- 

Ferric sulphates .—Jarosite is one of tho most 
common of the ferric sulphates and forms a 


• Dilkbrniul, V op. dl., p. M. 
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bright brownish-yellow, extremely fine scaly 
powder that sticks to the fingers like graphite 
when bandied. Under the microscope it is 
seen to consist of minute yellow hexagonal 
scales. In the Tiulic district jarosito was 
first, identified from the American Engle mine, 
by Richard Pearce, but t his or a similar mineral 
occurs in most of the oxidized deposits, 
specifically at the Chief, Grand Central, Iron 
Blossom, end Colorado mines. Plumhojaro- 
sile, which contains lead but no potassium, 
has been identified from several places, notably 
the Chief mine, but the identification is diffi¬ 
cult because of admixtures with other oxidized 1 
lead minerals. Molnnterito is found in the 
Swansea mine as efllorcsecnco and crusts, 
lltahite, another ferric sulphalo without potas¬ 
sium or lead, is stated by Tower and Smith to 
occur in the Bullion-Beck, Eureka Hill, Mam¬ 
moth, and Ajax mines. It is orange-yellow 
and forms hexagonal scales like jarosito, so 
that the distinction between these sulphates is 
difficult without chemical analysis on pore 
material. It is possible that utahito may bo 
identical with jarosito. Efflorescences of 
mixed soluble sulphates arc sometimes found 
on the walls of the drifts. 

Md sulphates and arsenates .—Massive 
and very fine grained blown or black ores are 
often found which are indefinite mixtures 
of ferric ursenatos and sulphates and which 
ulso contain more or less copper. Hillobrand 1 
analyzed somo such m&tcriuU from the Ameri¬ 
can Engle mine but found that no definite 
formula could he calculated for them. 

Ei irw um-nahs .—Iron arsenates are not 
abundant at Tin tic, though scorodito and 
phormneosidcritft have been identified in speci¬ 
mens from several mines. Pino bluish-green 
crystals of seoiodito from the Centennial 
Eureka are in the Holden collection. Small 
brown cubes of pharnmeosiderUe were noted 
in several specimens of oxidized ores during the 
present examination. Mr. Bixby, of Suit Lake 
Pity, states that some cubes recently found 
(exact locality unknown) were 0 millimeters 
in diameter. 

Born-kite. —Boriekito, n phosphate of iron and 
calrium, is given by Dana 5 ns of doubtful oc¬ 
currence in the Copporopolis (now Ajax) mine. 

1 IK Mini ml, W. F., Aw> islwj r >-'* !niniy»ls from t't.ih: U. S. Oeol. 
fSmvy I. nil. at. p. >7, l- vi 
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TtNTIC MINING DISTRICT, UTAH. 

j , MANGANESE MINF.RAI.S. 

| Small quantities of oxide of manganese are 
found in most of the oxidized deposits, particu¬ 
larly in those mines which contain copper and 
gold. Tho compound generally present is wad, 
a hydrous dioxide of manganeso. Wad was 
, identified in the Iron Blossom mine in tho shale 
below tho ore bodies, and luangar.ile in a spoei- 
men from tho Victoria mi no. 

ZINC MINERALS. 

Zinc blende (sphalerite ).—In tho veins in 
igneous rocks zinc blonde is found in places as 
dark-brown massive aggregates. In tho Lower 
Mammoth vein it appears near the point where 
Urn fissure crosses into inouzonitc. As a rule it 
is associated with pyrito. 

In tho primary ore of tho do posits in lime¬ 
stone zinc blondo is always presont, usually ns 
small grains or imperfect crystals embedded in 
silicified limestone and associated or inter- 
grown with galena (PI. XXVI, D, p. 106). Tho 
groat bulk of the ore, however, is oxidized, and 
during tho process of oxidation the zinc blende 
usually is tho first mineral to become trans- 
( formed into sulphate. The mineral is more 
i abundant in the lead ores than in the copper 
' ores. The sulphide ores as shipped contain 
usually h small percentage of zinc, and from the 
abundance of oxidized zinc ores near manv 
galena ore bodies the universal presence of 2 to 
5 per cent of zinc in tho primary oro may be 
assumed. Below the water level in tho Gemini 
mine a secondary zinc blende is iutergrown 
I with galena or forms concentric sphemlites 
(fig. 19). 

Oxidized sine 'minerals .—During the lust few 
years considerable bodies of oxidized zinc ores 
havo been found adjacent to the old lead stones 
iu several mines, particularly in tho May Day, 
Undo Sam, lion Blossom, Chief, Gemini, and 
Lower Mammoth. They also occur in tho 
East Tintic and North Tintic districts. Such 
bodies will probably be found in all the lord 
mines. 

Smitbsonitc., the carbonate, is the most, com¬ 
mon of these minerals and forms greenish to 
white fibrous and mammillary crusts, also gray 
to brown massive aggregates which nro easily 
mistaken for altered limestone. Fine blue 
smilhsonite is reported from tho Boss Tweod or 
Victor mine. 
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Cain mine, (ho silicate, forms small tabular 
crystals; moro rarely it has prismatic form;.in 
places it alternates with smit’nsonite in layers of 
massivo texture. These arc generally white, 
but single crystals aro mostly colorless ami 
transparent. 

Hydroziucito, identified by Mr. Louglilin, 
forms while, chalky lay ora of dense or fibrous 
texture, alternating with smithsoiulo. 

Auiiehalcite, a basic zinc-copper cnvbonato, 
is not import ant ns an ore mineral, but its pale- 
blue scales ami rosettes aro not uncommon in 
tho zinc ores. Fine aurichalcite was found in 
tho Iron Blossom No. 1 mino and also occurs in 
several of the propert ies above mentioned. 

All these zinc, minorals are associated with 
calcite, gypsum, and. aragonite, and some of the 
aragonite contains alittlo zinc. 

Adamite, a zinc arsenate, has boon found in 
ono specimen from tho Iron Blossom mino, on 
limonite. 

BISMUTH MINERALS. 

Bismuth minerals have been found at several 
mines in the district, particularly in tho Mam¬ 
moth, Boss Tweed, Cavisa, and Emerald. A 
composite satnplo of oxidized lead ores from the 
Gemini, Victoria, Eagle and Bluo Bell, and 
Colorado mines yielded a distinct, trace of bis¬ 
muth. 'Hie metal is thus probably present in 
most of tho Tintie ores. No bismutliinito (bis¬ 
muth sulpltide) has yet been identified, but tho 
earlier report states that naiivo bismuth occurs 
in the Emerald ami Boss Tweed mines; in 
the Emerald small crystals of the metal wore 
found on limestone in the 500-foot level apart 
from any kuown oro body' or vein material. 

Bismutite, a basic carbonate, is stated by' 
Tower and Smith to occur in the Boss Tweed 
mine in very considerable bodies assaying from 
5 to 40 per cent metallic bismuth. It is said 
to be an isotropic straw-colored mineral which 
effervesces freely with acid. Bismittito also 
occuis as yellow crusts on rich horusilver and 
argontite ores in the Victoria and Eagle and 
Blue Bell mines. Bismitc (Bh0 3 ) has been 
identified without much doubt in yellow 
earthy crusts on ore from the 1,200-foot level 
north in the Engle and Bluo Bell mino. 

In 1914 a new discovery' of bismuth ore was 
made in the Mammoth mine on the 600-foot 
level. A face 18 inches wide contained, accord¬ 
ing to statements of tho officers of the mine, 
16.2 per cent of bismuth, 5.7 per cent of copper, 


and 121.6 ounces of silver nnd O.SS ounce of 
gold to tho ton. Another assay across 16 
inches yielded 1S.12 per cent of bismuth, 2.6 
per cent of copper, and 153.7 ounces silver and 
0.64 ounce of gold to the ton. A picked 
sample of y'cllow ore contained 32 per cent 
of bismuth and some green copper ore yielded 
2.08 per cent of bismuth, 19.3 per cunt of 
copper, and 44.5 ounces of silver and 1 ounce 
of gold lo the ton. This oro has been carefully 
oxamined by A. II. Means and found to consist 
mainly of bismuth arsenate with bnrito. 

The mineral was separated ns fnr as possible 
Irom tho barite; it forms yellow eiyptoerystal- 
lino aggregates. Tho specific gravity of the 
pure material is 5.70; the refractive index 
close to 1.60. An analysis by It. 0. Wells 1 
gave the formula 2Bi,0,.As.0 s .2lT,0, and tho 
mineral was named nrsenobismitc. 

Gold, silver, and bismuth have probably' 
been concentrated in this ore by the action of 
oxidizing processes. The neighboring Opo- 
honga mine also contains bismuth, for an out¬ 
put of 4,099 tons of oro yielded from 0.28 to 0.60 
per cent of bismuth. 

A bismuth oxychloride that is probably 
identical with duubreoite was found by 
Mr. Means - on a specimen from the 1,200-foot 
level of the Engle and Blue Bell mine. The 
mineral occurs as small hexagonal prisms. 

Mixite, a basic copper-bismuth arsenate, 
forms hunches of delicate bluisli-groon needles 
and has been found in the Ajax, Mammoth. 
Boss Tweed, and Car is a mines. 

URANIUM MINERAL. 

So far ns known neither uranium nor vana¬ 
dium is commonly' found in the ores of tho 
Tintie district. Minute yellowish-green tubu¬ 
lar crystals of zeunorite, a hydrous copper- 
uranium arsenate, are found in some of the 
barite in the oro of the Contenniul Eureka 
mine. 

THE ORES. 

The general character of the ores is de¬ 
scribed on page 125. In this section it is 
proposed to present their composition and 
texture in a more detailed manner. The 
character of the primary ore will be first set 
forth; the changes in this ore due to oxidation 
will he taken up later. 

1 Means, A. n., Somonc'.vmineral CtrunmcMtrumlhoTirtleclls’.rirt: 
Am. Jour, Eel., 4Ui scr., vol. 41, pp. 125-130,Mil.. 

Odom, p. J20. 
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GEOLOGY AND OHF. DEPOSITS OF TIN TIC MINING DISTRICT, UTAH. 


GENEBAL OCCURBENCE. 

The principal ore deposits of the Tintic 
district arc contained in the Paleozoic lime¬ 
stone nnd dolomite. In I he southern part ol 
the district igneous rocks predominate end, 
bring of later age, cut off the sediments of the 
northern part. The igneous rocks in the 
mining district proper are mostly intrusive 
nnd consist mainly of nionzonite, inonzonite 
porphyry, nnd the Swansea rhyolite. All 
those rocks contain ore-bearing veins. In 
general the veins strike, in a northeasterly 
direction and arc continued in the vein zones of 
the sedimentary area on the north. (Sec PI. IV, 
in pocket.) The Iron Blossom zone continues 
almost without interruption across the con¬ 
tact, though no single vein can be traced 
from the igneous into the sedimentary rock. 
In the Iron Blossom mine the vein for some 
little distance follows the contnct, which 
locally trends north. Tn at least one place 
in the Mammoth zone, however, at the Lower 
Mammoth mine, the vein is traced uninterrupt¬ 
edly across tho contact. 

Tlie mineral composition of the veins in 
inonzonite and in the porphyries is practically 
identical in character with that of the copper 
deposits in tho limestone. Barite and quartz 
are 1 ho gangue minerals; pyrite and onargite 
with a little galena and zinc blende are tho 
ore minerals. Pyrito, however, Is much more 
abundant than in the deposits in the limestones. 

The evidence is conclusive that the veins in 
limestone and those in the igneous rocks are of 
(ho same ago and were formed by the same 
agencies, the epoch of vein formation following 
shortly after the intrusion of the nionzonite. 
This conclusion does not agree with that pre¬ 
sented in the earlier report, in which it was 
assumed that tho veins in the sedimentary rocks 
ant edated the intrusion of the inonzonite. The 
evidence for the view here set. forth was ob¬ 
tained from mine workings opened since the 
field work for l lie earlier report was done. 

OHES IN IGNEOUS BOCKS. 

ALTERED MOXZONlTli AND MUNZONITE 
I'OimtYRY. 

Along t ile veins the inonzonite and monzonilo 
porphyry have undergone a marked alterat ion. 
Close by tho vein contacts they have been 


completely replaced by quart z accompanied by 
alittlcscrieitennd pyrito. As distanccfrom the 
vein increases silicification is less complete, the 
quantity of scricile increases, and tho pyrite, 
though still present in small quantity, is in 
places more conspicuous. Still farther from 
tho main veins the quantity of replacement 
quartz and scricile diminishes nnd chlorite, 
cpidote, and ealcite are present. Pyrito is 
persistent. The altered rock is much shattered 
and rccemenlcd by networks of vcinlcts con¬ 
taining quartz with a little pyrite and cluileo- 
pyrite. Tho copper content, so far ns known, 
is too small for the rock to be of value as a 
low-grade ore. 

Nearly tho whole area of these igneous rocks 
shows alteration to a greater or less degree, 
A considerable part of the rock at tho surface 
has been so blenched by weathering that its 
exact identity can not be determined. The 
principal area of bleached rock extends north¬ 
eastward along tho chief vein zones, and a con¬ 
tinuation of it is seen in the rhyolite area east 
of the Colorado mine. 

In the following table is given a chemical 
analysts of the scvicitized inonzonite porphyry 
(column 1) from the vicinity of tho Dragon 
iron mine, together with one of relatively un¬ 
altered inonzonite (column 2) obtained near 
the Iron Duke mine. Both analyses were 
made by II. N. Stokes. 

Analysts of altered mnvinnUe porphyry nnd n. htiivch/ 
until ter rd vwmonUe, 
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Comparison of those analyses shows that the 
alteration is of the character usual in scri- 
citized rocks. Silica, potash, water, ami prob¬ 
ably sulphur have been introduced; soda, iron 
oxides, lime, magnesia, and minor constituents 
have been largely removed. The removal of 
iron oxides is in keeping with the marked 
increase of silica, which implies rather intense 
ait oration. The iron represented in this analy¬ 
sis, however, may be below the average, for 
determinations of the pyrite content in five 
samples ot altered rock from a drill hole near 
the Brooklyn shaft showed it to range from 2.5 
to 7.71 per cent (average, 5.17). How much of 
this pyrite was actually in the rock and how 
much in veinlets is not known. This pyrite 
contained 9.7 per cent of copper, equal to 
0.5 per cent of the original rock. 

VEl.X MATTER AND Ell.I.IXO OK VEINS IX IGNEors 
ROCKS. 

DEVELOPMENT. 

The veins in (lie igneous rocks arc. short, ami 
numerous. Only one of them has been worked 
to a depth exceeding 500 foot, and the pro¬ 
duction, though coming from a great number of 
deposits, has been insignificant compared to 
the yield of the deposits in the limestones or 
dolomites. A small output has always been 
maintained, most of it from the Swansea mines. 
Of the other mines the Sunbeam, Undine, 
Brooklyn, Shoobridgo, and Old Susan have at 
times yielded some ores. In 1908 the ore pro-j 
dueed from mines in the igneous area amounted i 
to 1,141 short tons. 

During 1911 the Swansea mine was the only 
large mine in igneous rock doing systematic 
work. A few were being worked under lease, 
but only one of these, the Old Susan, southwest 
of Sunrise Peak, was visited. The reasons 
given for the idleness of the larger mines were 
the exhaustion of oxidized ores at ground-water 
level and the small size and irregular occurrence 
of the pay streaks in unoxidized ore, which 
were not valuable enough to offset the expense 
of pumping the large volume of water struck in 
the deeper workings. Most of the mines were 
idlo when the first survey was made, and 
almost nothing can be added to the descrip¬ 
tions of them in the earlier report. Examina¬ 
tion of (ho dumps of some of these mines af¬ 
forded an opportunity to study the character 
of their ores. 


STRUCTURAL FEATURES. 

The deposits thus far worked arc all iu veins 
of varying length in vertical or nearly vertical 
sheeted zones. The dip of the veins is steep, 
j and t he general trend of most, of the main fis¬ 
sures is north-northeast to northeast, parallel 
| to the long axis of the monzonite mass. The 
Swansea fissure trends a little west of north, 
but. this, too, parallels the contact between the 
monzonite and rhyolite porphyry. In some 
places two main fissures unite directly, and in 
a few places two such fissures are connected by 
cross fissures of northwesterly or northeasterly 
trends. Only a very few scattered veins were 
studied south of the area shown on the map of 
the Tin tic mining district (PI. IV, in pocket). 
These seem to have a tendency to radiate from 
tiie summit of Sunrise Peak. 

MINERAL COMPOSITION. 

The statements here made as to the mineral 
composition of the veins are based on a study 
of the Swansea vein and of material on the. 
dumps of the larger mines, especially the 
Brooklyn, Martha Washington, nnd Sunbeam. 
The ore minerals found are, in the order of 
abundance, pyrite, galena, and oimrgite, with 
n very little cbaleopyrito, zinc blende, and 
ursenopyrite. Tetra lied rite also was noted by 
Tower and Smith 1 in one of the Xcw State 
(United Tin tie) veins, Silver nnd in some 
places gold are present in these minerals. The 
gangue minerals are. principally quartz, barite, 
and the minerals of the wall rock, more or less 
completely replaced by quartz and sericitc. 
Alunitc is present as a minor microscopic 
constituent. 

Of these ore and gangue minerals, quartz and 
pyrite occur both in the vein fillings and in the 
wall rock at a considerable distance from the 
main veins. Jn fact, all the igneous rocks in¬ 
closing the veins south and soutli-soutliwest of 
the Dragon mine practically as far as Diamond 
Gulch arc distinctly silieilied and impregnated 
with pyrite. The same silieilied and pyritized 
zone extends northeastward from the Dragon 
mine to the hills north and cast of Ruby Canyon. 
The quartz that fills openings is generally 
crystallized as small prisms and lines the cav¬ 
ities; that, which replaces the wall rock is fine 
grained and of cherty appearance. The pyrite 
in openings forms small pyrilohcdions, cubes, 


1 To*oc, G. W t , Jr., out! Smith, S. O., op. Hi., p. 744. 
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au(I in some places octahedrons. It is also 
present in massive form in the veins proper, and 
the adjacent impregnated rock contains scat¬ 
tered shapeless grains, the largest of which 
have some approach to pyritohcdral or octa¬ 
hedral ou times. 

Scricite is inconspicuous or absent in fissure 
or cavity fillings lnit is abundant throughout, 
the silieified and pvrifixed zone. In. fact, the 
rock of tliis zone is essentially a quartx-sericitc 
aggregate with an irregular though as a rule 
considerable amount of pyrito. This rock at 
the surface has weathered or bleached to a 
chalky-white color, stained in places by brown 
iron oxide. Sericite extends even beyond this 
zone and, with chlorite (pennine and delessitc) 
is found in microscopic crystals throughout the 
igneous rocks of the district. 

Tim other ore and gangue minerals are con¬ 
fined lo fissure and cavity fillings or to com¬ 
pletely replaced rock close hv or within the 
stronger veins. Barite is widely distributed 
and is especially prominent in the veins south- 
southwest. of the Dragon mine. In some speci¬ 
mens it appears quite as conspicuous as quartz, 
but it is absent in the. Swansea vein. It forms 
flat tabular crystals in roughly radiating 
groups I hut interlock in a network the inter¬ 
spaces of which am partly or completely Idled 
with quartz, pyrile, and eiuirgito. The micro¬ 
scopic alunite seen is also confined to fissure 
fillings or to thoroughly replaced rock, in con¬ 
trast to sericite. Both of these minerals have 
been found ir. the same thin section, the alunite 
in the vein quartz and the sericite in the im- 
me.dialely adjacent wall rock. 

Enargite, so far as scon, is limited to por¬ 
tions of the veins that curry barite. It occurs I 
in local concentrations or shoots which are 
vertical or pitch steeply on the piano of the 
vein. The onargite is m rather coarsely granu¬ 
lar masses, in which single grains present 
glistening elongate elcavngo surfaces; around 
cavities it develops twin crystals, most of them 
coated with some green secondary copper 
mineral. Along the margins of these shoots 
onargite and pyrito are intergrowu iu varying 
proportions. 

Galena, like. the. enargite, occurs ir.tcrgrown 
with pyrito around the margins of elongato 


shoots, hut it has no definite relations to other 
oro or gangue minerals. In the Homcstako 
and Joe Bowers No. 2 mines on Treasure Hill, 
according to tho earlier report, 1 galena and 
enargite occur together, and in the Joo Bowers 
No. 2 galena is also present in tho upper work¬ 
ings above the limits of the enargite. In the 
Swansea inino much galena bus Imen mined, 
but no onargite or barite, so far as known. 
Enargite and barite appear to bo lacking also 
in the Old Susan mine, southwest of Sunrise 
Peak. 

Silvor is highest as a rule in the galena and 
enargite shoots; but pyrito in parts of tho 
Swansea mine is said to carry enough silver 
to make oro. 

The gold as a rule is ruroly visible to the 
nakod oyo, and tho assays show that it is not 
abundant in the ores; it can not bo definitely 
said to he associated with any particular 
mineral. Pyrito, enargite, ami galena have all 
been said to carry gold in different mines. 

Chalcopyrito, zinc blende, and arsenopyrite 
are too scarce to givo any definite idea of their 
modes of occurrence. Chalcopyrito and zinc 
blendo are probably intimately mixod in very 
small quantity with the other oro minerals; 
a few small prismatic crystals of arsenopyrite 
have been detected iu a specimen of Swansea 
ore. Ono specimen found on the Martha 
Washington dump contained a few aggregates 
of zinc blende crystals grown upon a vug lining 
of quartz crystals and inclosing a core of 
pyrito. Theso crystals of zinc blend© are 
clearly of later growth than tho quartz and 
pyrito. 

Tho secondary oro minerals have neon, 
chiefly lead carbonate, with a few copper 
minerals and probably some horn silver, but 
practically none were found on the mine 
dumps during the recent survey other than tho 
few already mentioned. A small amount of 
crnndallite, a hydrous calcimu-ulummuir. phos¬ 
phate, was found associated with green sec¬ 
ondary coppor minerals and melaconite iu n 
specimen from the Brooklyn dump. 

Some idea of tho composition of these ores 
may be given by the following averages of 
smelter returns: 


l Tovar, G. W., Jr., lUit) Smith. 0. o., op. Pit., p. 7UL 
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Strut'cr returns on ore* from Tintir district. 


jtioo. 

Gold 

Silver. 

Cop¬ 

per. 

1 ead 

Spous. 

Silica 

^ Iron. 

Sul¬ 

phur. 



Wet 
uKsay. | 

Fire 

; 

Zinr. 

lime. 

Honiestnke (average of 2 

Oz. 

Oz. 

Petti. 

Per , '. 

1 Per cl. 

Per cl. 

Per cl. 

PcrcJ. 

Per cl. 

Ptrcj. 

Per cl. 

nsi*avs). 

0. IS 

12 . 0 

It. 15 

Non« 

None. 

11 3 

21.7 

22 . 1 

32 0 

0. 9 

0.0 

Brooklyn (average of 8 awavs'l 

.09 

39. 9 

3.94 

.. , 


4. 32 

40. 1 

20 n 

20.9 

.4 

0 

Undine (average of 3 assay's).. 

.05 

2S. 1 

2.61 

24. 6 

24.9 

6 . 7 

1 C. 0 

20. S 

21.4 

1 . 1 

.9 

Shoehridge (average of 2 












assays'. 

.o-> 

35.5 

1.78 

13. 7 

13.6 

.1 

23. 8 

9.1 

12 . 0 

10 

.3 

Swansea I'avemoe o( 15 












assays)—. 

.03 

30. 7 

.26 

11.6 

13.5 

2.0 

19 0 

31.0 

31. i 

•» 

.5 


Some of tho shipments represented by these 
figures doubtless were mixtures of primary and 
secondary ores, and comparisons of tho relative 
quantities of the different metals should bo 
made with tliis fact in mind: but tho high per¬ 
centages of sulphur and its general predouii- j 
muico over iron show that primary ores made 
up tho bulk of the shipments. Gold appears 
independent of silver but shows the same ap¬ 
proximate variations ns copper and would thus 
appear to occur chiefly in the enurgite. Silver 
shows no dofinite relation to either copper, 
lead, or iron, perhaps because tho presence of a 
small amount of secondary horn silver has ma¬ 
terially increased the total silver in places 
whoro the originul silver-bearing minerals are 
not prominent. This would uppear to be the 
cusc in tho Brooklyn raino, where the silver is 
highest, the copper low, uud the lead practi¬ 
cally absent. The copper and lead, according 
to those figures, have as a rule occurred sepa¬ 
rately; but although the figures for the Home* 
stako mine give no lead, tho description of the 
mine, as woll as of tho neighboring Joe Bowers 
mine, in tho earlier report 1 stales that- enar- 
gito and galena uro present together. The 
ratio of spoiss (arsenides) to copper is marked 
in most of the analyses. In tho Swansea mine, I 
where copper is practically absent, tho spoiss 
evidently represents the small amount of 
arsenopyrito in tho ore. The small yet rather 
constant amount of /.inc is noteworthy. Tho 
zinc is independent of copper, and thus appears 
to have been present us zinc blende rather than 
a minor constituent of enurgite. The very 
small quantity of limo again indicates that tho 
gnugue contains only a very little dolomite or 
cnlcito. 


PARAGENESIS. 

The intimate associations of tho different ore 
and gnnguo minerals indicate that they crys¬ 
tallized for the most part simultaneously. 
Quartz and pvrito, both of which impregnate 
tho wall rock and form the edges of fissure 
fillings, may have preceded tho other miner¬ 
als, but they continued to crystallizo through a 
considerable period, Barite began practically 
at tho same time os tho quartz and pyrite but 
grew more rapidly, and during a relatively short 
period, for barite crystals whose ends on tho 
envity wall ore parallel with crystals of quartz 
and pyrite aro themselves coated along their 
sides and partly replaced by crystals of the 
other two minerals. The euargite and galena, 
as stated above, tend to be concentrated into 
shoots, und may be ns a whole of somewhat 
later growth; but where they are in contact 
with pyrite they are mutually intorgrown with 
it and must at least have begun to crystallize 
while pyrito and quartz were still forming. 
Tho few crystals of arsenopyrito and cholco- 
pyrite are scattered among granular masses 
of pyrite and must have crystallized along with 
tho pyrite. Zinc blendo may show the same 
relation^ but in the ono specimen found with 
prominent blende crystals the blende was of 
distinctly later growth than both quartz and 
pvrito. 

ENRICHMENT. 

Little can be said about the secondary vein 
minerals, beyond a repetition of the statements 
iu the mine descriptions of the earlier report 3 
that the veins above water level had altered 
to limouite with carbonates of load and locally 
of copper, containing considerable silver in a 
porous moss of quartz. This alteration con- 


>T«u-nr, G, W., Jr., and Smith, G. O., op, dt,, p. 7(45. 
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cent rated the valuable metals above water 
level into rich ore bodies, in the same veins 
that below water level have proved to con¬ 
tain only meager shoots of pay ore, too small 
to yield profits over the additional expense of 
handling large quantities of water. 

POSSIBLE LOW-ORADE DEPOSITS IN ALTERED ROCKS 
AROUND THE VEINS. 

The silieified ami pyritized rook inclosing 
the. vein zone is found on close inspection to he 
much shattered and roccmcntcd by a network 
of vcinlels, many of them of microscopic size. 
Some of these vcinlels consist almost wholly 
of quartz, others largely of pyrite, and some of 
chnlcopyritc. The bleached ruck at the sur¬ 
face is mostly leached of metallic minerals, and 
ils sericite has been changed largely to kaolin. 
There is some possibility, therefore, that in 
places, downward concentration of copper 
originally in pyritc and chnlcopyritc may have 
formed workable deposits, but the small 
amount of diamond (hilling done by the 
Dragon Consolidated Mining Co. has not yet 
produced very encouraging results in this 
rospecl. A vertical hole was drilled by tiiis 
company in the gulch about 440 feet east- 
southeast of the Brooklyn shaft, pussing 
through 531 feet, of porphyry before reaching 
any limestone. Four samples of the porphyry 
core between depths of 43 and GS feet were 
crushed and panned with the following results: 


Pyritt iii anm/t/tt of porphyry from h '■ •frilhJ in gitU'h near 
• lirootiya tfuifl. 


Depth. 

Weight 

(grama). 

r.vrito 
(per coat). 

•t:l to *18 foot. 

lot) 

■1 7 

•IS to GS foot. 

100 

2. 5 

681068 feel. 

200 

5. 78 

04 to G8 foot. 

200 

7.71 



' 20. 69 

A ventge .. 


,17 




Another 100-gram sample from u prospect 
tunnel close to the surface and closo to or in a 
fissure zone was also panned, yielding 4.22 per 
cent of pyrite. The average copper content 
of ‘the five samples was 0.5 per cent of the 
original or about 9.7 per cent of the pyrite 
concentrates. These samples, although taken 
above water level, indicate that oxidation,! 


below the gulch level at. least, is very slight. 
Holes drilled in higher ground, which is more 
leached at the surface, may show somewhat 
higher percentages in oxidized ore within the 
first 100 feet, but the figures just given should 
be more representative, of the whole ground, 
and the copper contcut in these samples is 
lower than the content in the workable dis¬ 
seminated ores of the Bingham type. The 
lowest grade of developed ore in the Utah 
copper mine at Bingham in 1911 contained 
1.28 per cent. 1 The average copper content 
in that year was 1.53 per eent. In 1914 it was 
4.25 per cent, of which 66.04 per ceut, or about 
0.95 per cent of the ore, was saved. 2 Ore 
mined in 1911 yielded 20 cents to the ton in 
gold and silver; that mined in 1914 yielded 
about 13 cents. The same ratio of saving from 
the sampled portion of the porphyry in the 
Tin tic district would amount to only 0.35 per 
cent of the ore, or a little over one-third the 
amount saved at. Bingham. Further pros- 
| pccting, of course, may disclose ground of 
higher grade, and the only conclusion now 
warranted is that a workable deposit of low- 
grade disseminated copper is a possibility but 
that the evidence at present is unfavorable. 

ORES AND VEIN MATTER IN THE DEPOSITS IN 
SEDIMENTARY ROCKS. 

SILICITICATIOX OF LIMESTONE AND DOLOMITE. 

FIRST PHASE OF MINERALIZATION. 

The first, phase of the mineralization con¬ 
sisted in the replacement of limestone and 
dolomite by silica, barite, pyrite, galena, 
cnargite, and other minerals. Practically all 
the ore bodies except those consisting of 
almost, massive galena or lead carbonates arc 
siliceous, the. gangue consisting of quartz and 
barite. Barite is very abundant in some of 
the copper ores—for instance, in certain 
places in the Centennial Eureka mine. 

The silieified limestone or dolomite is usually 
a fine-grained gray or bluish-gray rock ranging 
to dark gray uud black. In the southern 
mines of the district, most of which carry 
copper, much of it is of coarser grain, some 
, resembling a fine-grained quartzite. In the 
j load mines it is in places of flinty or r.hcrty 

i Butter, I). 9., Tlu» pruluc'Um oleopixr in lull: "J. S. Oeol. Survey 
Minrril KiKuren, nil, pt. I.p. SS, ioiJ 

■ Hu' ler, II. S., Copper Id 1L 1 11: D. S. Geol. Survey Mir,.'f I Resources 
1014, pt. I,p. SS7.10IA 
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appearance, The rock usually contains at 
least a few prisms of barite ami probably 
always carries at. least a trace of silver. Galena 
or enargile may be present in the silieified 
rock—the jusporoid—in large enough quantity 
to make the material on ore, but the greater 
part of the metallic minerals of the deposits 
•were probably introduced during the second 
phase of the mineralization. 

Jasperoid with little metallic, content sur¬ 
rounds many of the ore bodies, and in places, 
as in the Beck Tunnel nnd Iron Blossom mines, 
these masses of silieified limestone or dolomite 
are of large size and extend for 100 feet or 
more from the ore 



naciK 20 —Incipient sINo.noation of limestone. Ast*;n, Colo En¬ 
in rp"! *> diameters. 


J. D. Irving 1 was the first to call attention 
to the fact (hat there arc two kinds of silieifica- 
tion connected with the formation of ore 
deposits. In some deposits silicificatiori is a 
gradual process. Beginning with the develop¬ 
ment of quartz crystals at numerous points 
(fig. 20) these crystals increase in size nnd num¬ 
bers, and finall y t he- whole rock becomes a mass of 
fine-grained quartz (fig. 21). In other deposits, 
such as the replacement deposits of the Black 
Hills, the boundaries of the silieified material 
are sharp, and all the rock from the fissure to 
the final limit is completely replaced. No 
transition rocks arc found. The replacement 


* s*omo fcaturw of reptuc^nenl oro mh! thw criteria by inMns of 

wlucli ibtynaf bi n?er: Canadian Jflo, Inst. Jour. f To). M, p.422, 
till, Ecua. C«oici 0 ‘, vol, 0, pji. f&S, 1DI1. 



advanced like a wave over the country rock 
unlil the impulse was exhausted. 

The silicitication in the Tin tic district is 
clearly of the latter lyj>e. It is almost impos- 
silile to obtain a specimen showing transition 
or n purtly silieified limestone or dolomite. 
The boundaries arc everywhere sharp. 

In places fragments of dolomite aro included 
in the jasperoid. In specimens of this kind 
from the Gemini and Iron Blossom mines the 
contacts of these fragments are distinctly 
outlined, even when observed under the 
microscope. A few small quartz grains may 
he included in the dolomite close to the con¬ 
tact, and some minute residuary carbonate 


Figltif. 2i.—SJlidflod-limrclftno (.’Aspcxol )), Aspen, Colo. 

grains ho in the jasperoid. Nowhere does the 
silicifieation begin—as it does at Aspen, Colo., 
and many other places—by the gradual devel¬ 
opment of quartz crystals in the carbonate rock. 

Some of the silieified material from the Cen¬ 
tennial, Mammoth, and other copper mines 
shows, under the microscope, a fine-grained 
nllotviomorphic texture, the quartz grains 
being sharply outlined and approximately of 
the same size, averaging about 0.1 millimeter 
ir. diameter. Jnspcroids from other mines 
may also consist of grains of corresponding 
coarseness, but this is usually caused by 
quartz deposition of the second phase. 

Typical specimens of jasperoid show under 
! the microscope a very fine grained aggregate of 
j quartz, the individual grains being rarely over 
I 0.025 millimeter in diameter and ranging from 
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this down to material which is hardly resolved 
by objectives of the highest power. The 
grains are closely interlocked, and each one 
shows undnlous extinction, indicating fibrous 
texture. In some sections the minute grains 
seem to be rounded or globular. Rapid varia¬ 
tions in size of grain arc seen, at many places. 
A narrow banding dub to the distribution of the 
sulphides Is very common, and here and there 
it is concentric and independent of fissiuing 
or stratification. This aggregate is usually | 
slightly brownish and turbid, in part probably 
from finely distributed organic matter, aud lo¬ 
cally contains small grains of pyritc, galena, 
and yellow zinc blende. In the copper mines 
it contains well-formed but small crystals of 
pyritc aud some large crystals of cnargite. 
All tho sulphides seem to be later than 
the quartz aggregate and replace it.- Small 
prisms or plates of barite aro present in much of 
the rock and are evidently the earliest product 
of the replacement of limestone. The succes¬ 
sion is then in general (1) barite, (2) quartz 
aggregate, (2) sulphides. If any succession 
can he observed among the sulphides pyritc is 
usually found to bo the earliest. 

A typical specimen from the Gemini mine 
CPI. XPv, A) is a fine-grained brownish-gray 
rock, faintly banded by the distribution of 
extremely fine grains of galena. The material 
under the microscope proves to bo quartz, in 
grains whose diameter does not exceed 0.02.5 
millimeter, lu this are disseminated abundant 
rounded grains of yellow zinc blende and larger 
grains of galena, at most 0.05 millimeter in 
diameter. Roth sulphides in places show a sug¬ 
gestion of crystal form, and though grains of 
both may be attached to each other they never 
show intergrowth. There is no pyrito. This 
material constitutes in purfc live lowest-grade 
ore in the mine. 

Tho strongly handed jnsp&roid is represented 
by a specimen from the Gemini mine (Pis. 
XVlII, B and XIX, B). This is a eherty 
bluish-gray rock delicately and beautifully 
marked by alternating light and dark bands. 
The dark hands arc 0.2 to 0,3 millimeter in 
width, the, light bands about. 0.6 millimeter. 
The banding, though curved in places, keeps 
its direction through a largo part of tho speci¬ 
men, but the handed rock merges into ordinary 
jusperoid without bonding. Under the micro¬ 


scope the rather sharply defined dark hands 
consist of very fine grained quartz, with allot- 
riomorphio texture and no marked undulous 
extinction. They contain a few cubes of py- 
vil.e, yellow zinc blende in small, rounded 
grains, and more irregular grains of galena. 
The light, bands consist of spherulit.es of light- 
brown chalcedony containing small specks of 
sulphides. They are separated by clearer 
granular quartz bordering sharply against 
them. Much of this cleaver quartz shows wavy 
extinction, and in places tho spherulites liovo 
been, changed to granular quartz with similar 
wavy extinction. The effect is exactly that of 
diffusion rings or rhythmic precipitates similar 
to those in agate described by Liesegang 1 and 
those produced artifieally by the same author. 

The jusperoid is of the same nature through¬ 
out the district, though the finest grained and 
the banded varieties are confined to the lead 
deposits in the northern half of the district, 
while in the southern part there is much more 
white quartz of the second phase. 

To account for these phenomena the follow¬ 
ing explanation is proposed. 

Silicification of the Tintic type is produced, 
not by motftsomatic replacement, involving 
i tho development of crystals in solid rock, but 
by a replacement of limestone or dolomite by 
colloidal silica, which immediately afterward 
became transformed into chalcedony or in part 
into granular quartz. Such a colloidal mass 
would be easily penetrated by electrolytes, 
which by reaction with residuary solutions con¬ 
tained in the gel might easily produce such 
rhythmic precipitation rings as aro shown in 
the Tintic rock. Tho ordinary law of replace¬ 
ment by equal volumes would scarcely hold in 
such u process. The resulting mass would at 
first be soft., easily compressed and crushed, 
and tho crystallization of the gel would involve 
a considerable contraction of volume. 

The work of Hein, Toil mayor, and others - 
led to the conclusion that chalcedony is in¬ 
variably composed of quartz fibers and that it 
results from the crystallization of gelatinous 
silica either in the formative stage or at n 
later time, and that gelatinous silica may in 
becoming crystalline turn into either granular 

1 LlrM*£finR, R. E-, OonlivL’vJi* PiiTusloiyn. p. IfrOpWicn, 19)1; re¬ 
view by Adolph Knopf in K.v>n. Ocolouy, vol. S, p. SOI, 191.1. 

*Si;mnwrlgei! In C. A. L) offer's Hand bucl» do illnoraletuunio, HuxkI 
3, pp. 240-2IVI, Wien, K»H. 
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A. GRAY JASPEROIO, GEMINI MINE. 

Black areas are grains of galena and zinc blonde; galena mostly in larger grains. Magnlfcd '50 diameters. 



B BANDED JASPEROIO, SHOWING DIFFUSION BANDS, GEMINI MINE. 

Light bands contain spherulitcs of chalcedony, dark bands microcrystaUine quartz with pyrite, galena, and zinc 

blende; all throe black. Magnified 25 diameters. 


Photomicrographs of Ores. 
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A. FINE-GRAINED JASPEROID, BRECCIATCD AND CEMENTED BY 
COLLOIDAL SILICA, LATER CRYSTALLIZED AS QUARTZ, EAGLE 
AND BLUE BELL MINE. 


B. SAME, WITH CROSSED NICOLS. 

Black areas are holes in section. Magnified 14 diameters. 


White areas are holes in section. Magnified 14 diameters. 


Photomicrographs of Ores. 
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quartz or fibrous quartz—that is, chalcedony. 
Heat accelerates the change to quartz. 

The first, stage, of primary deposition, 
then, involves the replacement of limestone or 
dolomite, by gelatinous silica, galena, and 
zinc blende. Subsequent crystallization of the 
colloid transformed it into chalcedony ami 
more or less fibrous quartz. 

The theory of replacement of limestone or 
dolomite by colloidal silica is not new, though 
it lias not been advanced before in connection 
with ore deposits of this kind. A. H. Church 1 
has shown experimentally that limestone may 
be replaced by colloidal silica. A solution con¬ 
taining silica was allowed to drop on a piece 
of recent coral: the calcium c.arlionnte was 
replaced by silica; the replaced coral was 
covered with a thick film of gelatinous silica 
and was very soft. Much later II. 1 ( '. Bain 2 
suggested that the black chert, of the Joplin 
district was formed by such replacement. 
This material is similar to the Tintic jasporoid, 
and some of it is handed in u similar manner. 
W. S. T. Smith,* however, showed later that 
this replacement proceeded in the normal way 
by the development of quartz crystals in the 
limestone. 

SECOND PHASE OF MINERALIZATION. 

OKXKUAL FISATUllES. 

The j asp e to id is not everywhere a compact 
rock. In the ore shoots especially it contains 
abundant cavities of very irregular form or is 
shuttered and brccciated (see Pis. XVIII, A, 
and XXIV, A and B, p. 101). In these open¬ 
ings were deposited the minerals of the second 
phase. They consist of barite plates, more 
abundant than in the first phase, and white or 
light-colored quartz, much of which, projects 
into central vugs in crystallized form; the 
individual crystals are rarely more than 1 
or 2 millimeters in length. Ore minerals were 
deposited with the gangue in large quantities, 
and the galena in particular takes the form of 
large crystals or grains. 

Many of the cavities look as if they were 
caused by corrosion, and this is probably 

* Oo lit* composition, .structure anu formation of Pljili**. 

jth «er., vaL 2i, p. 101 , l?v62. 

* PniliPinary report oa iho lca<l or.<1 zinc (Jopcwii * of lUo Ozark region: 
U. 6. Survey Tivonty-aeeonel Ann Ropl. f pt. 2, yp. 10 r», 107, ltd. 
Tor a re*. I tv of tin* whole subject » t» FfatioathaJ, C. K. f Orl^n of Iho 
ti&Q ami It .id d«T>D$tis nf ttio Joplin rt^lou, M lasauri, Kansas, and Glcla- 
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true iu part. In places the quartz of this 
second phase seems to merge gradually into 
the earlier jasporoid. The effect is, in general, 
just that which might be produced by the 
contraction and crushing of u soft colloid 
material, such a-s the jasporoid is conceived to 
have been before, it was finally rcerystnllizcd 
into quartz. In the banded jusperoid the 
cavities may cut across the banding or they 
may follow it, the bands being bent slightly 
to surround them. 

Many cavities contain a third generation of 
barite plates coated and corroded hv quartz. 

The barite crystals of the second generation 
are in places large and abundant. That this 
mineral was the first to crystallize is shown by 
its partial replacement by quartz, the grains 
eating into the sides of the plates (PI. XXlll, 
.1). Around these partly corroded crystals 
the quartz is usually of somewhat differing 
grain, either coarser or finer than the rest. 

The quartz filling in many specimens, par¬ 
ticularly iu those from the. southern half of 
t-ho sedimentary area, proves to he normal 
vein quartz of fine grain, allotrioinorphic or 
hypidioinorpluc, with sharp outlines and nor¬ 
mal extinction. In such sections oblique light, 
reveals deposition,al lines indicat ing the crys¬ 
tal form of quartz. 

In the mines of the northern part of iho sedi¬ 
ment ary area more or less fibrous quartz and 
distinct chalcedony are associated with the 
granular quartz, and many vein lets in the 
jasperiod consist entirely of chulcedonic libers. 
In transverse or oblique light the quartz filling 
of the second phase then shows delicate band¬ 
ing in rounded, mammillary form entirely simi¬ 
lar to that of certain agates. (Sec Pis. XX- 
XXII.) Nowhere, except at the center of the 
vug, is there any indication of crystal form. 
The irregular outlines of the quartz grains, 
which may attain 0.3 millimeter in diameter, 
are. shown to he entirely independent of the 
banding when observed between crossed nieols. 
Only here, and there does a curved hand of 
chalccdonic quartz follow the rounded outlines 
of the banding. (See PI. XXI.) Such material 
is abundant in the Eureka Ilill, Gemini. Chief, 
Eagle and Blue Bell, and Victoria mines but 
apparently not so common along the Iron 
Blossom line. In the Victoria and Grand Cen¬ 
tral both the crystalline and agate-like devel¬ 
opment of depositions! lines wore observed. 
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and crystal faces of quartz arc found lining the 
vugs in nil mines. 

In a specimen from the Victoria mine the 
whole, moss is made up of an interlocking 
raflier coarse quartz aggregate with veins of 
distinctly later crystalline quartz. The older 
quartz shows undulnus and fibrous quartz 
throughout, and oblique light brings out a 
globular concentric texture as of a colloid 
deposit now changed to quartz. Similar speci¬ 
mens were obtained from the Grand Central, 
mine, 

In the Governor vein, south of the Iron 
Blossom, the replacement ore iu the narrow 
vein consists of older fine-grained quartz and n 
younger generation of coarser quartz in which 
are embedded many corroded plates of barite. 
There is no indication of colloid deposition in 
this place. 

Thoexplunation is confidently advanced that 
the second phase of the primary mineralization 
consisted in the filling of the cavities of tlic 
silir.ified limestone or dolomite with crystalline 
barite and gelatinous silica, which shortly 
afterward was transformed into quartz and 
chalcedony. In places, however, where the 
temperature was higher, as in the southern 
part ot the district, the filling was deposited 
directly as crystalline quartz. It is assumed, 
therefore, that the temperature during this 
phase was near the border of .stability between 
colloid and crystallized silica, but that the col¬ 
loid silica on the whole proved unstable. 

UCI.ATIONS 1M HIM lltoS’ »l.0«8Ott ZONE. 

'Die relative quant dies <>f the josperoid and 
quartz of tlic second phuso vary considerably, 
Among the northern mines the Chief Consoli¬ 
dated, Kagle and Blue Bell, uud Victoria show 
large masses of jasperoid fractured and appar¬ 
ently corroded hv white drusy quartz. >111011 
of this material is a low grade ore with a few 
ounces of silver and 0,3 to 0.7 ounce of gold to 
the ton. One slope of this kind on the 1,200- 
foo(. level in the. Victoria mine shows a. solid 
mass of gray, delicately handed jasperoid fin 
which there are many irregular veins aiul ‘'solu¬ 
tion cavities” of white quartz. In this place 
the white quartz is said to earr.y no silver or 
gold, and no sulphides are visible in either 
quartz or jasperoid. 

On the other hand, in the deposits of tlic Iron 
Blossom zone the large masses of dark elicrly 


jasperoid eoutain practically no metals and tho 
ore bodies consist chiefly of the quart,/, of the 
second phase, except certain parts that are 
extremely rich in cerusite and residuary galena. 
Many of the bodies arc 60 feet high and 50 to 
100 feet wide and consist almost entirely of a 
loose cellular mass of quartz and barite, which 
changes near the margins to a dark hreceiated 
jasperoid. The oxidation has of course con¬ 
tributed to this texture, but in large purl it 
seems to be primary'. 

Thin sections of the dark jasperoid from the 
Beck Tunnel mine show os usual an interlocking 
aggregate of quartz with unditlous extinction, 
the grains of which hove a maximum diameter 
of 0.05 millimeter. Corroded barite prisms 
are embedded in tills material. Irregular 
grains of cerusite and small hexagonal plates of 
plumbojarosite replace tho quartz, wliieh is cut 
by later veins of coarser quartz showing crystal 
outlines. 

Tin' cellular siliceous ore consists of more or 
less abundant thin plates of barite, many of 
them 10 millimeters or more in diameter. 
These are in part corroded and cemented by' 
granular quartz with a diameter of grains rang¬ 
ing from 0.05 to 1 millimeter. This barite- 
quartz aggregate is also corroded and honey¬ 
combed, and in the holes arc deposited quartz 
crusts of the third generation. In some speci¬ 
mens the barite is entirely dissolved, and a 
“hackly ” texture results. There are no motal- 
lic minerals except, some replacing cerusite and 
plumbojarosite. At some places the structure 
of the ore is dependent upon the arrangement of 
the cerusite in horizontal layers. The precise 
primary composition of this ore, so far as tho 
motallic constituents are concerned, is some¬ 
what difficult to ascertain. It probably con¬ 
tained very' little pyrite, being made up chiefly 
of galena with a little zinc blende: its present 
content consists of a few per cent of lead and 
20 ounces of silver (as horn silver) and 85 to $6 
in gold to the ton. This ore occurs chiefly 
south of the Sioux-Ajnx fault, where the deposit 
assumes the character of a vein; north of this, 
fault in the great horizontal pipe (p. 156) the 
oro is considerably richer in galena and is 
probably a more direct product of replacement. 
It is difficult to interpret the ore bodies of 
Iron Blossom No. 1 as anything but a filling 
in a crushed and contracting mass of colloid 
silica. 
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FINE-GRAINED JASPEROID, BRECCIATED AND CEMENTED BY COLLOIDAL SILICA; LATER CRYS¬ 
TALLIZED TO QUARTZ, EAGLE AND BLUE BELL MINE. 

White areas are holes in section. Magnified 25 diameters. 



B. SAME, CROSSED NICOLS. 

Black areas are holes in section. Magnified 25 diameters. 


Photomicrographs of Ores. 
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A INCLUSIONS OF FINE-GRAINED JASPEROID IN COLLOIDAL SILICA, LATER 

QUARTZ, EAGLE AND BLUE BELL MINE. 

White areas are holes in section. Magnified 25 diameters. 


CRYSTALLIZED TO 




SAME, CROSSED NICOLS. 

Black areas are holes in section. Magnified 25 diameters. 

Photomicrographs of Ores. 


THE ORES. 
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DEPOSITION.’ or DOLOMITE, CAT.CITE, \XI> ARA¬ 
GON’ ITE. 

Calcium ntnl magnesium carbonates urc- 
usually absent from the siliceous ores, except 
as rare residuary grains in the jasperoid. 

A course granular dolomite or nnkcrite is 
associated with the ores in the Victoria ami 
Eagle and Bine Bell mines. 

In sonic of the outlying mines in (he North 
Tin tic and East Tin tic districts galena is found 
in direct intergrowth with secondary dolomite 
or replacing limestone, or dolomite. These 
occurrences ore interpreted as nearly the last 
phase of mineralization nt places where the 
depositing solutions have become weak and 
relatively cool. At these places the galcrm 
generally contains but little silver. 

Calcite is present in two. distinc t forms— 
scalenohedroiis or long pointed crystals, and 
flat rhombs, or disklike crystals. It also occurs 
in granular and columnar masses, but most, of 
these musses that are adjacent to openings 
are terminated by one of the two crystal forms 
mentioned. 

The soalenohedral calcite is only rarely 
noted within the siliceous ore bodies, where 
it is distinctly later than all the other primary 
minerals, including dolomite. Small veins or 
pockets of it have been found in the vicinity 
of the siliceous veins. It is more prominent in 
association with the nonsiliceous deposits in 
some of the outlying mines of the East Tintic 
and North Tintic districts. Hero galena and 
zinc are found intergrown with granular or 
“sparry” dolomite and locally with scalcno- 
hedra.1 calcite, having been formed by the 
replacement of limestone. The scnlenohedrnl 
calcite in ore of this type is of later growth 
than the dolomite and is typically developed 
around cavities. The sulphides, however, con¬ 
tinued locally to be deposited in small amount 
after the calcite had begun to form. Although 
thus intimately associated with nonsiliceous 
deposits, calcite is also foimd ns slvong barren 
veins, in the North Tintic district a mile or 
more from any known body of ore. From 
these general relations the soalenohedral cal¬ 
otte is interpreted ns the latest phase of primary 
mineral deposition. 

Cal cite in flat rhombohedrons is confined to 
the oxidized deposits. It has been found at 
several places perched upon primary sealeno- 


hedrnl calcite and also coats all the oxidized ore 
minerals with which it has been found in 
contact. It is clearly the latest of all the oxida¬ 
tion minerals, with the possible exception of 
aragonite and gypsum, both of which are too 
scarce for their paragcnetic relations to be 
definitely’ known. 

The cave deposits of secondary calcite have 
a fibrous or columnar structure. In some 
places their terminations are distinctly of the 
flat rhombohedron habit; in other places they 
are bluntly pointed as in the unit rhombohe- 
drtm. These deposits us a rulo arc not closely 
associated with the oxidized ores. 

Aragonite in delicate needles bus been 
observed at many places also as one of the 
very latest oxidation minerals but not in 
direct intergrowth with secondary ore min¬ 
erals. In the cave of the Iron Blossom No. 
3 mine tufts of aragonite needles were found 
grown upon the surface of the calcite crust, 
and this aragonite was certainly of later 
deposition than tlio calcite. Ouc specimen of 
aragonite associated with oxidized zinc ores 
in the Gemini mine was foimd by qualitative 
test to contain a little zinc. As this specimen 
was not found in place, its paragcnetic rela¬ 
tions are not known. 

DEPOSITION" OF ORE MINERALS. 

GENERAL FEATURES. 

From tho above discussion it is apparent 
that oro minerals wore deposited during tho 
whole range of mineralization. The typical 
jasperoid may contain small grains of pyrite, 
galena, zinc blende, and ennrgitc, though the 
pyrite is generally present in small amounts. 
During tho second phase of silicificntion ore 
minerals were deposited in abundance in larger 
individuals and in repeated succession. The 
grains are commonly of large size, except those 
of pyrite. Tho galena occurs in large grains 
and imperfect crystals or coarse aggregates, 
replacing the jasperoid or developing with 
quartz in open cavities. Ennrgitc mostly 
takes the form of more or less perfect isolated 
crystals which replace jasperoid (PI. XXIII, 
D, p. 100) and many of which, contain small 
grains of pyrite and chalcopyrito. Tetrnhe- 
drito and fanmtinito are intergrown with ennr- 
gite. Zinc blcndo is randy foimd in largo 
masses but is usually’ contained as small grains 
in gnlona. The ore minerals in the druses of 
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the second phase of silicification occur in several 
generations; they are found at the buses of the 
druses covered by quartz and barite, or they 
may cover the quartz and project as small crys¬ 
tals into the cavity, or they may occur in the 
quartz-barite mass, where many of them are 
formed by replacement. 

The galena carries its silver In the form of 
nrgentito. If galena that contains any con¬ 
siderable amount of silver, say above 20 ounces 
to the ton, is etched with dilute nitric acid the 
irregularly distributed grains of argor.titc are 
usually brought*out (PL XXIX, D, p. 160). 
Such urgentito is certainly primary, but in places 
rims of tho same mineral edge the galena in the 
oxidizing ore, and these may he secondary. 

Tho secondary sulphides, chnleocite, covol- 
lito, geocrouito, pro us tile, and nrgentito are 
discussed under "Oxidation" (p. .163). 

CLASSIFICATION OF ORES. 

The ores vary greatly in appearance and 
composition, and tho ever present oxidation 
makes it difficult to arrive at it reliable con¬ 
clusion as to exact character of some of tho 
primary ore. Transitions of many kinds are 
found, but the primary ores may be roughly I 
classified as follows: 

Heavy lead ores. Thmi contain, besides gulcnu, a little 
pyi-Uo, zinc blonde, and more rarely tetrahedrite; 
also as UHu h as 50 minces of silver to tiro Ion, but very 
little or uo gold- The nonsiliocoua paiena-ccmsite 
op !' in a few of the mines, especially in the outlying 
districts, arc low in silver. 

Silkemi--. lead ores. Tlusse eouwin scattered galena in a 
triliei ous gnnguo with minor amounts of zinc blende, 
pyrite, tuid in places tetrahedrite. The silver content 
is variable, locally high. 

Siliceous gold-silver ores. These arc generally of low 
grade, carrying a few dollars in gold and 20 ouuces nr 
b‘-s of silver to the ton, and in many places they roll¬ 
in' no recognizable metallic mineral* except some 
o ruslto svud copper slain. Their texture is generally 
drusy raid honeyci imbed. hut here and then 1 . ns in the 
Victoria mine, they may consist of massive jnsperoid. 
Heavy copper ores. These contain much enargito and 
minor quantities of pyrite and chalcopvrite in a 
gauguc of silica with much barite. They yield usu¬ 
ally about 20 ounce* of silver and at most $12 > n gold 
to tho ton. They are not abundant. 

Siliceou* cupper i n s. ’l'hcso aro common in the southern 
part of the district and contain the same minerals us 
I he lieav y copper oris, with perhaps 10 ounces of silver 
and in gold to tho ton. 

S:limms lead-copper ores. These mixed ores are gener¬ 
ally found along the lino where tho lead ore* give 
l'-hu-e to copper ores, as in the Enrcha Hill and Grand 
Central mine*. 


The rich gold ore and silver ores, ns well os 
tho zinc ores, are produced by processes of 
oxidation. 

SUCCESSION OF MINERALS. 

No single rule can he given for tho succession, 
because there tire several generations of (lie 
minerals. In any one series the. barite is fol¬ 
lowed by quartz; then comes pyrite, which is 
usually the oldest of the metallic minerals and 
is followed by onargite, tetrahedrite, nr.cl iama- 
tinite, deposited simultaneously; galena nnd 
zinc blende are generally later, and in some ores 
zinc blende clearly replaces galena. All tho 
ore minerals may replace quartz and, less easily, 
barite. 

GOLD AND SILVER IN ORE MINERALS. 

The galena carries tho larger part, of the 
primary silver, as nrgentito (PI. XXIX, D, 
p. 169). Generally the silver content varies 
from 10 to 60 ounces to tho ton. There is 
reason to believe that the tetrahedrite also con¬ 
tains a fair amount of silver, though no assay 
1ms been made because the mineral occurs in 
very small grains. Tho cnargito carries only 
a moderate amount of silver but always con¬ 
tains some gold. A specimen of pure cnargito 
from the Gemini mine was found to contain 
81.65 in gold and 45.5 ounces of silver to the 
ton. Another specimen, from the Victoria 
mine, contained $S in gold and 47.1 ounces 
of silver to the ton. Pyrite from the Centen¬ 
nial Eureka mine is said by the mine officers 
to contain 0.1 ottuce of gold nnd 2 to 3 ounces 
of silver to tho ton. Some pyrite in tho 
Swansea mine contains considerable silver but 
very little gold. 

OXIDATION OF THE DEPOSITS. 

GENERAL FEATURES. 

The Tintic district is remarkable for an un¬ 
usually low water level and corresponding great 
depth of oxidation. Within the sedimentary 
rocks this depth is at least 1,600 feet, and the 
Mammoth workings (p. 214) have attained 
. 2,300 feet without finding the water level. 

In most places tho oxidation is not complete. 
Generally enough of the primary sulphides 
remain to allow a conclusion as to the primary 
( character of the ore, and such remnants are 
found at nil levels from t he surface down to the 
water level. There has also been a great deal 
of migration of minerals which has resulted in 
the forming of shoots of certain ore minerals, 
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A. BARITE PLATES OF SECOND PHASE, IN CROSS SECTION, PARTLY REPLACED BY QUARTZ OF 

SAME PHASE, GOLD CHAIN MINE. 

Magnified 25 diametors. 



B ENARGITE CRYSTALS REPLACING JASPEROID OF FIRST PHASE, PARTLY REPLACED BY OLIVENITE, 

MAMMOTH MINE. 

Mat»nilied 25 diameters. 

Photomicrographs of Ores. 
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A. GALENA, BARITE, AND QUARTZ, ALL OF SECOND PHASE, WITH ILL-DEFINED FRAG¬ 
MENTS OF OLDER JASPEROID CONTAINING PYRITE, GALENA. AND TETRAHEDRITE, 
GEMINI MINE. 


Quart; is micrccrystalline but shows mammillary deposit on I ines of colloid silica. Magnified 14 diameters. 



/!. SIMILAR ORE, BILLINGS STOPE, EUREKA HILL MINE. 


Magnified 14 diameters. 


Photomicrographs of Ores. 
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bat this migration has not been carried very 
far and there arc no well-defined vertical zones 
oi enrichment. Copper and silver sulphides 
as well ns native gold have been segregated into 
separate shoots in places, but there is no 
definite zone of sulphide enrichment uidess the 
ore of the Gem channel, in the Gemini mute, 
should prove to be of this type- 

The character of the oxidation has been in¬ 
fluenced by the relative scarcity of pyrite, the 
presence of much calcium carbonate in the 
waters and wall rock, and the abundant for¬ 
mation of difficultly soluble products such as 
cerusito, anglcsite, and copper arsenates. 

The oxidized products generally replace the 
jasperoid and the quartz; this results in a daisy 
and honeycombed texture. They also, par¬ 
ticularly the zinc minerals and to a less degree 
malachite and uziu ite, rcplaco the surrounding 
limestone. 

During the oxidation the solutions were sub¬ 
ject to many changes in character. Although 
in general quartz is dissolved, there is ample 
evidence that quartz was also deposited in 
places, though this secondary quartz is much 
less abundant than that of the primary mineral¬ 
ization. Quartz in crusts of small crystals, for 
instance, covers ehrysoeolla and limouitc in 
sorno specimens. 

In general, then, the ores are oxidized to 
nnglesitc, cerusite, plumbojarosito, lead oxy- 
clilorides, smithsonite, hydrozincite, calamine, 
arsenates of copper, bismuth, and zinc, copper 
carbonates, jarosite, other iron sulphates, 
cerargyritc, native silver, and native copper. 
Other minerals aro kaolin, alunite, gypsum, 
limonite, and oxides of mangan&se. The list 
of oxidized minerals of the Tintic district is 
unusually long. 

Tho lead ores yield only a moderate amount 
of limonite, but some of the oxidized copper 
ores contain 15 to 20 per cent. Iron is in part 
carried into the adjacent limestone by sulphate 1 
solutions and deposited as limonite by replace¬ 
ment, or it forms stalactites in caves. Stalac¬ 
tites of this kind in the Ajax mino are described 
in the earlier report. 1 The limonite was ap¬ 
parently deposited on older crystals of gypsum. 
A similar occurrence in the Iron Blossom No. 1 
mine (p. 243) has been called to the writer’s 

> Tower, G. W., Jr., anil Smilh, G. O., op. oil., p, 7«. 
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1 attention by Mr. M. L. Crandall., jr. The cave 
in tliis mine, besides containing limonite 
stalactites with casts of gypsum, also revealed 
large, masses of gypsum on its bottom, which 
formed an interlacing mass of crystals as much 
as 17 inches long. In many of these caves 
residuary masses of oxidized lead and copper 
ores were found. Most of the caves are caused 
by the contraction of volume due to oxidation 
of tho ore and by the subsequent settling of 
the limestono. 

OXIDATION BELOW WATER LEVEL. 

Developments for 250 feet below water level 
in the Gemini mine have shown that partial 
oxidation continues to that depth; hinonite, 
cerusito, native silver, and copperarsonateshnve 
been found down to that depth. In most 
mines, however, tho quantity of unoxidized 
galena gradually increases from a point 600 or 
800 feet below the surface. 

TEXTURE AMD STRUCTURE OF OXIDIZED ORE. 

In tlio oxidized ores cavernous and cellular 
textures are very common, owing to tho gen¬ 
eral solution and replacement of quartz, 
llrcceiatcd forms aro frequently found (PI, 
XXV, B, p. 162), and in places banded structure 
occurs, as in the specimen illustrated in Plate 
XXV, A, which shows what is apparently diffu¬ 
sion banding of mulacliite and brown copper 
pitch ore. 

OXIDATION OF LEAD ORES. 

The oxidation of galena normally results in 
the following successive products: (1) Angle- 
site, (2) cerusite, (3) plumbojarosito and mixed 
sulphates; also oxychlorides. Oxidation (o 
mimet ito and pyromorphito has been observed 
in the Eureka Hill mino. 

The galena first always alters to a dark fine¬ 
grained anglesitc colored by minute residual 
masses of galena (PI. XXY7, p. 160). This 
change begins along the cleavage lines and 
proceeds until the entire sulphide is altered. 
During this process some galena is evidently 
recrystallized which during subsequent alter¬ 
ation is finally oxidized. The galena usually 
contains some primary zinc blende, but this is 
evidently wholly converted to soluble sulphate. 
Tf copper is present some of it may be converted 
to ehnlcocite and covcllite, which aro contained 
in the anglcsite along tho contact or may sur¬ 
round grains of residuary galena in the anglcsite. 
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This process is accompanied by a recrystalliza- 
lion of the coarsely crystalline galena to the fine¬ 
grained variety “steel galeua/' which so far as 
observed is found only along the narrow transi¬ 
tion zone adjoining the anglesite. 

The dark, in places concentrically handed 
anglesite is soon converted into massive ceru- 
site, and the cerusite is covered and corroded 
by yellowish crusts of plumbojarosite and allied 
minerals. These may again he covered by 
wkito crystal tufts of a second generation of 
cerusite. 

In somoplaces the anglesite instead of forming 
concentric crusts is deposited as perfect crys¬ 


tals in vugs in the galena ore. Fine examples 
of this mode of occurrence were observed iu the 
Eureka Hill and Chief mines. 

At many places the jasperoid and quartz are 
abundantly replaced by hexagonal yellow crys¬ 
tals of plumbojarosile and by irregular grains 
j of cerusite and less commonly anglesite. 

The powdery yellow decomposition products 
that rep'acc the cerusite were carefully exam¬ 
ined. In many of them jarosilc or plumbo- 
jnrosite could be detected and some are rich in 
bismite or bismutite. The following samples 
of such material were exnmiued and analyzed 
by II. 0. Wells in the laboratory of the Survey: 


Partial analytes of soft yellow lead ores from Tin lie. district. 


|R. C. Welt, analyst.] 



1 

1 

, 

249 

272 

275a 

275b 

278 


4. 94 

5. 08 

2. 62 

8. 39 


3. 55 


82.96 

81. S3 

59. 87 



82.15 

Soluble iuHNO,: 







CO,. 

.22 

.71 

2. 15 

14. 43 


.27 

Cl. 

Trace. 

Trace. 

None. 

.02 

1.15 

None. 

Ast.,0. 


1. 68 

2. 16 



Trace. 

pA". 

41 : 





None. 

Cu..... 






None. 

Ac.. 

. 29 


1. A \ 


. 33 

None. 

run. 

.58 

3.26 

12. 23 

72. 85 

16.48 

4.04 

. .. 

8.24 

2.72 

1.72 

.58 

12. 48 

.40 

CaO.. 

. 20 

. 44 

1 26 



.22 

MfiO. 




None. 


None. 

Bi,Oj. 



9. 07 


None. 

SO,.. 

.58 

(?). 95 

.41 

1.19 

3.83 

None. 


98.42 

99.12 

92. 95 

97. 46 


90. 63 


I, Gemini mine, yellow oxidised ore. level 19, Gem channel. Hot water extracts traces of chlorine, lead, and 
calcium. Ammonium acetate extracts considerable lead sulphate. 

249. Eagle and Blue Beil mine, north end, winze from l,2CO-foot level. Ammonium acetate extracts a little 
lead sulphate. Dilute nitric acid extracts a trace of chlorine and considerable load. 

272. Eagle and Blue Bell mine, same locality. QuarUosa ore. Hot water extracts a truce oi chlorine but no lead. 

275a. Colorado mine, close to Sioux line. 

2"5b. Same locality. Yellow powder on cerusite. 

278. Colorado mine, Hornailver stopes. Hot water extracts a trace of chlorine and lead, some calcium, and sul¬ 
phates. 


Samples 249 and 272 contain minuto hox- 
agomd crystals of what is probably plurobo- 
jarositc. The results show that these yellow 
substances are of variable composition. Lend 
chlorido seems to ho present iu traces in 
samples L and 27S, and in somewhat larger 
amounts in sample 275. In samplo 275b 
after subtracting the chlorine necessary for 
silver chlorido there remains about 1 per cent 
of chlorine for lead oxychloride. 

Sample 1 contains nrgeutite, limonito, angle- 
site, calcite, some iron sulphate and phos¬ 
phates, and possibly also silver chloride in the 
insoluble part. The other samples show prac¬ 
tically no phosphorus. 


In sample 249 there is a little anglesite, 
much moro cerusite, jarosite or plumboju.ro- 
site, bismito, and probably an iron or bismuth 
arson ate, but no silver. 

Sample 272 contains nearly 2 per cent of 
argon tito, about 14 per cent of cerusite, jaro¬ 
site, and probably a bismuth arsouate and 
bismito. 

Samplo 278 contains no silvor in the part 
soluble iu nitric acid; there is probably some 
cerusite, but the analysis leads to the infer¬ 
ence that minium or massicot (loud oxides) is 
present. 

During the replacement of galena to unglo- 
sitc and cerusite there has been compare- 
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lively little migration, though in some of the 
granular quartz rocks cerusite in small grains 
is widely distributed and directly replaces 
the quartz. 

More extensive migration evidently took 
place during the second phase of oxidation, 
when conisite was attacked by solutions 
containing sulphuric acid and chloride of 
sodium. Both plumbojorosite and lead chlo¬ 
rides may have migrated for considerable dis¬ 
tances, though not to compare with the wander¬ 
ings of copper and zinc, and it is possible 
that some of the low-grade siliceous lead ores 
derived their metal iu this manner. 

SECONDARY GEOORONITK. 

A specimen from the Colorado mine (No. 
277), investigated by Messrs. Means and 
Whitehead, proved particularly interesting. 
It shows massive galena going over to “steel 
galena”-and thenco into anglesite and cerusito. 
About half an inch from tho contact the galena 
upon etching with hydrochloric acid was 
shown to contain feathery aggregates of a 
mineral not attacked by the acid (PI. XXIX, K, 
p. 169). Enough of this mixture was isolated 
for a qualitative analysis. R, C. Wells reported 
that it contained, in addition to load and sul¬ 
phur, much antimony, a little zinc (about 1.6 
per cent), and arsenic, but no copper or iron. 
Under high magnification in polished section 
the galena is seen to bo filled along the cleavage 
faces by narrow lines of this resistant mineral 
gradually spreading into feathery masses and 
irregular veinlots. Tho galena also contains a 
few grains of zinc blende, which apparently 
is contemporaneous with it. Near the oxi¬ 
dized contact the galena is filled both with 
anglesite and tho mineral under discussion. 
This minoral reacted as follows: HC1 (con¬ 
centrated), instantly bright brown, then irides¬ 
cent; HNOj, effervesces slightly, blackeus with 
white coating; KOfI and KCN, no reaction. 
According to Murdoch's tables 1 this corres¬ 
ponds to geocronito (oPbS.SbjS,); such a min¬ 
eral with much load and little antimony would 
in fact be expected as the result of the replace¬ 
ment of galonain a deposit, where little antimony 
was available. 

In one specimen from the Eagle and Blue 
Bell mine veinlots of geocronito were found 
rutting across a vein of anglesite in the ga- 

'•Majdoch, Josrph, Microscopical del orinUialitm of tho opequo 
Haurais, New York, 19:6. | 


lena, and grains of anglesite aro included in 
geocronito. It was therefore concluded that 
tho geocronito was formed dining tho same 
period os the anglesite, which continued to 
develop after the "geocronito had ceased to 
replace the galena. The anglesite of this 
specimen is partly replaced by. chalcocito and 
covellito. The general succession of minerals 
in this specimen is as follows: Primary, 
pyritc, quartz, zinc blonde, galena; secondary, 
geocronite and anglesite, chalcocito, covellito, 
ccrusite. (Sco fig. 19, p. 147.) 

OXIDATION OE COPPER ORES. 

GENERAL FEATURES, 

The oxidized coppor ores consist generally 
of a matrix of jnsporoid or fine-grained sili¬ 
ceous rock with or without barite. This is 
usually more or less cellular and honey¬ 
combed, tho cavities being coated with minute 
quartz crystals and filled with oxidized copper 
minerals. The coppor arsenates commonly also 
replace the quartz. Residuary enargitc is 
common in all ores and may contain a little 
pyrito and clialeopyrito or appour mixed with 
fnmatinite. Small pyrile crystals aro scattered 
through much of the jnsperoid; some have 
escaped oxidation, but others are indicated 
only by pseudomorplts of limonito. The ores 
rarely contain very much limonito, those of 
the Centennial Euroktt, which cany about. 17 
per cent of iron, showing tho maximum. 
Secondary quartz in crusts on limonito or 
chrysocolln is rare on the whole, and tho latest 
products sonsist of a few flat rhombohedrons 
of calcito. 

Residuary enargite is present at all levels. 
It is said, however, that in the Centennial 
Eureka there was little enargite above lcvol 
10 . 

In the district regarded as a whole there is 
no indication of richer copper ores at auy cer¬ 
tain depth below the surface. The bodies of 
tho Centennial Eureka, which are tho largest 
in Tintic, contained the richest copper oros 
below level 7. Possibly there has been at this 
locality somo concentration by descending 
waters, hut it is not strongly enough marked 
to establish the presence of definite enriched 
zones. Local migration and enrichment are 
common. In tho same mine barito occurs in 
increasing quantities with increasing depth, 
but this also is probably not a general rule. 
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GENERAL COURSE OF OXIDATION OF ENARGITE. 

It is generally known that onargite is one of I 
tho minerals most resistant to oxidation. ! 
Its presence seems to some extent to protect 
the pyrite, which is preserved in many places 
where ono would expect it to have been oxi- 1 
dized. The oxidation of onargite requires a 
large amount of oxygen; however, it would 
doubtless be moro complete in the Tin tic 
district wore it not for the fact that all the 
mine waters contain much carbonate of cal¬ 
cium, which speedily neutralizes the free snl- | 
phuric acid and results in the formation of 
soluble sulphate of calcium. 

Frequently the action begins by the sirnul- 
l nneous development of chalcocite, covellite, 
and arsenates; tho two second ary sulphates 
then gonomlly roplaco the margin of the 
onargite (or fainatinite), and the arsonates 
move out on fissures or roplaco quartz; in 
places they are mixed with strings of chal- 
cocile. (Seo fig. 18, .p. 144.) 

Tho schematic course is represented by the 
following formula: 

2Cu,AsS, + 30O+1-1,0 + 7C'aCO a - 

^D.irRlUi 

(CuO),.As 2 O v ILO + Cu.S + 7CaS0 1 + 7C0,_ 

cllvonlUs duloix'iU 

If oxidation is curried to its conclusion the 
secondary chalcocite turns into covollite and 
this into copper sulphate solutions. 

The arsenates of copper are insoluble salts 
that are but little subject to migration. If 
bismuth is present (probably in the form of an 
unknown sulphnrsenide) arsonates of bismuth 
will form. Antimony in fiunatinito and tetra- 
hedrile must also go into oxidized compounds, 
but so far none of these compounds have been 
discovered; neither antimonates nor antimony 
oxides have been identified. Antimony, how¬ 
ever, is present only in small quantities. 
There is only a little zinc sulphide in the copper 
ores, and it oxidizes after the normal courso. * 

’Hie newly formed arsonates either replnce 
onargite crystals with perfect retention of out¬ 
lines, or replace jnsperoid und quartz, or fill 
fissures, or crystallize in vugs, forming beauti¬ 
ful small druses. In general, tho olive-colored 
olivonito, containing only 3.2 per cent of 
water, is the first copper arsenate to form, 
and this is followed by lustrous bluish- 
green clinoclasito with curved crystal faces, by 
mammillary dull-green erinitc, and by pearly 


scales of pale blue-green tyrolito, which con¬ 
tains 17 per cent of water. The characteristic 
conichalcite, an arsenate of calcium und cop¬ 
per carrying 5.52 per cent of water, is dis¬ 
tinctly later and evidently results from the 
action of a strong calcium carbonate solution. 
It. is often found without sulphides, and with¬ 
out other arsenates, its small but conspicuous 
yellowish-green spherical concretions dotting 
the honeycombed jnsperoid. Chrysocolla ap¬ 
pears in places without any well-defined rank; 
malachite and loss commonly azuritc ure fairly 
abundant, especially near the walls of the de¬ 
posits, where they may surround residual 
masses of limestone. On the whole, olivenile 
and conichalcite are tho most common of the 
copper arsenates. 

Of iron arsenates, tho brown cubes of phar- 
mucosiderito are most abundant, associated 
with the later copper arsenates. White 
earthy aluminum sulphates more or less defi¬ 
nitely recognizable as alunite are among the 
lost products, in places capping azuritc or 
malachite. Cuprite and native copper are not 
abundant; thoy seem to be later than the cop¬ 
per carbonates. 

There ore many exceptions to the succession 
just outlined. A number of specimens wore 
studied by Mi*. W. L. Whitehead, with a viow to 
ascertaining the paragenesis, and tho writer, 
through the kindness of Prof. Charles Palachc, 
also examined specimens from tho Holden col¬ 
lection at Harvard. A few of these successions 
are given below, the older minerals being 
named before the younger. 

Mammoth outcrop. 

t. Quartz, enargite, fainatinite. 

2. Olivenile, azurile, phnrmacosiderite. 

3. Clinoclasito, tyrolite. 

Ajax dump. 

1. llarite, quartz, enargite. 

2. Conichalcite, eeorodito. 

3. Malachite. 

•1. Chrysccoltft. 

5. Alunite. 

C. T/ittionite nud caleite 

Vutorin. 

1. Quartz, enargite. 

2. linargilo. 

3. Tyrolite. 

•t. Conichalcite. 

3. Alunite, malachite, chrysocolla. 

G. Limonite. 
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Centennial Eureka. 

1. Quartz, enargite, ehalcopyrite. 

2. Olivenite. 

3. Malachite, chrysocnlla. 

4. Aluuito and chateauLhilc. 

Gold Chain. 

1. Barite, quartz, enargite. 

2. Olivenite, erioite, conichalcile. 

3. Tyrolite, malachite, azuritc, ehryaocolla. 

4. A1 unite. 

Black Ja'l dump. 

1. Quartz, barite. 

2. Conichalcito, quartz. 

3. Scoroditc. 

4. Jaroaite. 

Centennial Eureka. 

1. Quartz. 

2. Olivenite. 

3. A/.write and malachite. 

4. Conichalcito. 

5. Tvroli to. 

Victoria. 

1. Quartz, enargite. 

2. Olivenite. 

3. Conichalcite, malachite, azurite, and erinite. 

Grand Central. 

1. Quartz. 

2. Olivcnito. 

3. Conichalcito. 

4. Malachite, chalcanthite. 

Eureka Hill. 

1. Quartz, enargite, tetrahedritc, galena. 

2. Anelesite, covcllite. 

3. Oor write. 

In i\ few specimens malachite and clinoclosite 
are earlier than olivenite. Pharmacosiderite 
may be earlier or later than malachite. It is 
possible, of course, that a mineral may belong 
to two or more generations: Olivenite, for in¬ 
stance, has certainly crystallized at various 
times. There is not much information about 
the tonor of the pure arsenates in gold and 
silver. Some of them, as woll as tho cuprite 
and malachite, are very poor, but wherever 
chulcocite is present a concentration of silver 
seems to have taken place. 

CHALCOCITE AND COVELLITE. 

One definite fact ascertained during the pres¬ 
ent examination is that covellite and chalco- 
cite occur everywhere and at all lovels in the 
copper ores of the oxidized zone, though no¬ 
where in great masses. They are not remains 
of an older zone of secondary sulphides but 


form normally during oxidation. This condi¬ 
tion, which is contrary to tho generalized idea 
of a distinct zone of secondary copper sulphides, 
is no doubt due in part to the scarcity of pyrite, 
to tho neutralization by CaC0 3 of such acid as 
may he formed, and in part also to tho great 
amount of oxygen necessary for tho complete 
oxidation of enargite. Thero can be no ques¬ 
tion, however, that secondary sulphides may 
form freely in other deposits, under certain 
conditions, in tho zone accessible to oxygen. 

The manner of oxidation of enargite, with 
simultaneous development of cbnlcocite, covel¬ 
lite, and copper arsenates, is described on 
page 164. In tho specimens cbalcocite and 
covellite usually form dark sooty or dull- 
bluish spots in or near the partly oxidized onar- 
gito, and covellite often crystallizes together 
with anglesito in the druses. A close associa¬ 
tion of covellite and anglesito is, in fact, very 
common and is seen in specimens, thin sec¬ 
tions, and polished sections. Covellite fre¬ 
quently replaces galena and zinc blonde, but 
its most common occurrence is in enargite, 
fomatinite, tetrahedritc, and pouicoite. All 
these relations are, of course, best studied under 
the motullographic microscopo. 

During tho oxidation of enargite and similar 
minerals chaleocite is always the first mineral 
to form along the margins and fissures in tho 
grain. Plate XXVII, A, B, 0 f and D, shows 
how, besides the marginal chulcocite and covel¬ 
lite in the enargite, bauds and streaks of those 
minerals, delicately folded and faulted, develop 
in the veinlets of olivenite or other arsenates. 
Cbalcocite rarely shows tho normal white color 
in reflected light but is usually bluish gray; 
this color is caused by an almost sulnnicro- 
scopic intergrowth with covellite. Subse¬ 
quently larger blades of normal covellite were 
developed in this mass. 

It has not proved possiblo to obtain enough 
of these secondary sulphides in pure form for 
assay, but it is stated that where they lire 
abundant they generally contain much silver. 
No gold seems to be associated with them. No 
bornito has been found. 

Secondary coppor sulphides thus form inde¬ 
pendently of the water level—in fact, at all 
points above it aud at least to a depth of 260 
feet below it, as shown by the development of 
covellite in pearceitc in ore from level 19 in the 
Gemini mine. 



PLATE XXVI. 

.■I. Anglesile ("my) with residuary galena (white) in purl recrystullized in veinletsi, Colorado mine. Magnified 100 
diameters, 

H. Gnleim (gray) altering to anglositn (black), Colorado mine. Magnified 100 diameters. 

r. Co veil i (<• (dark gray) replacing galena (white), Gem channel, nineteenth level, Gemini mine. Magnified 1,000 
diacneteix 

1). Zinc blonde I'gray), probably contemporaneous with galena (white), Colorado mine. Magnified 100 diameters 

T.. Anglemte developing in veins and along cleavage of galena, Colorado mine; avgentito (dark gray) and galena (light 
gray). Magnified 100 diameters. 

F. I ’ovellitc in center (black) intimately associated with chalcocite (grayish white), surrounded by anglesito, Colorado 
mine; galena beginning to be converted to anglesito appears at the periphery. Magnified 100 diameters. 

106 



V<: 



PROFESSIONAL PAPER 107 PLATE XXVI 


U. S. QEOLOOICAL SURVEY 




i p . 4 

k 

4 

1 - tWt 

Vs 




U. s. GEOLOGICAL SURVEY 


PROFESSIONAL PAPER 107 PLATE XXVtl 


PHOTOMICROGRAPHS OF ORES. 


PLATE XXVII. 

A. Chalrorite (d irk gray) and copper arsenates (black) developing in onargitc flight gray), 1,050-foot level of Victoria 

mine. Magnified 36'0 diameters. 

B, Copper arsenates (black) and chnlcocite (dark gray) in enargitc (light gray), showing alteration rim of latter, ! ,030- 

foot level of Victoria mine. Magnified 1,IX)0 diameters. 

C. Similar alteration rim as in B. Copper arsenates (black) and enargite (light gray); transition rim of gray 

chaleocito traversed.by plates of covellite;- 1,050-foot level of Victoria mine. Magnified ’2,000 diameters. 

D , Copper arsenates (dark gray) intorgrown with chalcocite and of simultaneous origin, 700-foot level, Butterfly stope, 

Grand Central mine. Magnified 480 diameters. 

£. Argo.utile in concentric deposition surrounding prouatilo; in siliceous gungue, Chief Consolidated mine. Magnified 
100 diameters. 
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PLATE XXVIII. 

/Imul B. Finely granular or replacement smithsoniUs ore. A, Ora from the May Day mine; shows numerous small 
cavities attributed to shrinkage, accompanying replacement. The cavities are partly filled with fine drusy smith- 
sonitoand a few by calamine. B, Monheimite from tho Yankee mine; illustrates partial replacement, along closely 
spaced bedding planes and cross fractures, and subsequent removal of an replaced limestone. Natural size. 

C. Finely banded smithsonite-ealamino ore. May Day mine. The lighter broad bands originally represented smith- 
sonito and tho darker narrow bands calamine; but in this specimen much of the smithsomto has been replaced by 
calamine. Tho dark patches represent leached portions stained with films of iron and manganese oxides. Xatural 
size. 

D and K. Fibrous smithsonile (S) with hydi'ozincite (II) end fibrous calcito (C), May Day mine. The oalcite reals 
upon a finely botryoidal surface of smithsoaito. The hydrozincilqin this specimen is finely fibrous and forms 
a distinct layer between layers of smithsonite. Natural size. 

ICS 







PLATE XXIX. 


» 

A Veinlets of argentite (while) altering lo hornsilver (gray) in gonguo. of granular quart/., Victoria mine; block rini 
between argentite and gangue is bismuthito. Magnified 100 diameters. 

B, Pearceilo (gray) and galena (light gray) in " eutectic" intergrowth, forming vein let in jasperoid, Gem channel, 

nineteenth level, Gemini mine. Magnified G50 diameters. 

C. “Eutectic" intergrowth of galena and pearceite, nineteenth level, Gem channel, Gemini mine. Magnified 216 

diameters. 

D, Argentite in galena, latter etched black, Eagle and Bluebell mine; argent!to shows a strain oi white specks across 

center of area. Magnified 100 diameters. 

E. Geoerouite (light gray) developing by replacement in galena, Colorado mine. Magnified 20 diameters. 
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OXIDATION OF ZINC ORES.' 

GENERAL FEATURES. 

The casual observer might believe that zinc 
blende is absent from the Tintic ores. In 
fnct it is rarely seen in large aggregates. 
Somo of tho deep ore of the Gem channel in 
the Gemini mine and in tho Bullion Beck 
mine contains exceptionally large amounts 
of thit .'Mineral and it is occasionally observed 
elsewhere. Shipments from the Gemini mine 
frmn level 14 contained, according to Mr. J. H. 
McChrystal, from 2 to 10 per cont of zinc. 
Ore recently shipped from level 13 north in 
the Bullion Beck mine contained 15 per cent 
of zinc, 15 per cent of lead, and 8 ounces of 
silver to the ton. The microscope shows 
that almost all the galena contains a small 
amount, of zinc blonde disseminated in irregu¬ 
lar grains and apparently of the same age as 
the galena. 

It is a striking fact that no oxidized zinc 
orew arc found close to the zinc blende, the 
relations being just tho reverse of those 
between galena and oxidized lead ores. The 
oxidized zin< ores are. also separated from tho 
oxidized lend- ores, except in parts of the 
Scranton mine, in Die North 'fintic district. 
The experiments by GottSCnafk and Buehler 1 
liuvo shown thut in a mixed sulphide body 
electrolytic action accelerates the oxidation 
of zinc blende, whereas pyrite or galena, with 
which it is in contact, is protected from oxida¬ 
tion. Recent experiments by E. T. .Vilen ’ 
a lid others at the Carnegie Geophysical Labora¬ 
tory have, shown that although galena alone 
begins to oxidize before zinc blende, it soon 
becomes protected by u coating of difficultly 
soluble sulphate or carbonate. The sulphate 
of zinc, on the other lmnd, is very soluble and 
is quickly removed when the surface of zinc 
blende is continuously exposed to attack 
until the mineral is completely oxidized. 
During this process the zinc blende may be 
replaced by covellite, as shown in a specimen 
from the Black Jack dump. 

Only in recent years have bodies of oxidized 
zinc ores been discovered. They are usually 
found in the limestone or dolomite footw&ll 

> A iiiois iHollal aeratmeo I tho oxUlbi*l jint arm or Cm Hnlto dis- 
Irirl, by 0. F. I.onghlin, b.*w ben publish*.! in I'-ron. G.oli^}*, 
vtil. 0, pp. 1-13,10M 

• GottKhalk, V. II, sed luthlw, U. A, Oxldulicn of xiilpbid«: 
1'r-on. Geology, voi. 4, pp. ZU», 19)0; vol. 7, pp. IVM. 1012. 

• WjKihiagtou Acad. Sol. Jour, vol. 0, p. Tl, 1916. 


of the deposits of galena, and it is evident, that 
the easily soluble sulphate has migrated along 
the easiest paths of the descending waters, as 
shown in figure 23 (p. 172), until they reached 
the carbonate country rock, which then was 
replaced by smitbaonite and calamine, with 
small amounts of hydrozincilo. Deposits of 
this kind have lately been worked in tho Scran¬ 
ton, New Bullion, May Day, Yankee, Gemini, 
Lower Mammoth, East Tintic Development, 
Godiva, Uncle Sam (Humbag), ('kief, and 
Colorado mines. Probably they will be found 
near any of the larger shoots of galena. Thus 
far no important bodies of this kind have 
befen found along the Iron Blossom ore zone. 

The ore. is for tho most part practically 
free from lead, but much of that mined in 
the North Tintic district is a mixed zinc lead 
or “combination’' ore. The relatively pure 
zinc ore consists principally of ferruginous 
smithsonite or monheimite (zinc-iron carbon¬ 
ate), with considerable calamine and small 
amounts of hydrozincite and aurichaloile, 
accompanied by a gangue of unreplacod lime¬ 
stone and chert, hydrous oxides of iron and 
manganese, calcito and locally aragonite and 
gypsum. The smithsonite is gray where un¬ 
affected by recent oxidation and brown or black 
where stained by iron or manganese oxides. It 
is mostly very line grained to luicrogranulal¬ 
and in places contains many small cavities, 
which appear for the most part to represent 
decrease of volume due to replacement, but 
much ore with no cavities has also been found. 

Of less common occurrence is ore. of the cel¬ 
lular typo in which replacement appears to 
have occurred along certain laminae and the 
unreplaced limestone to havo been later re¬ 
moved. In one specimen of banded ore the 
banding was seen in tlun section to pass cli- 
roctly across the boundaries of former calcito 
grains and to show no relation to tho structure 
of the limestone, ns if the material had been 
deposited in successive diffusion bands, like 
the jasperoid of tbe first stage. (See p. 150.) 

Certain openings in tho core, along original 
bedding planes or fractures, are crusted with 
yellow to green fibrous smithsonite, with a few 
alternating layers of cliulky-wlute hydrozincito 
(PI. XXYTllj. Soft druses of greenish-blue 
nnric.halcite have also been noted but are not 
common. A little malachite was noted in one 
specimen, where it formed a thin green druse 
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over a film of hydrozincite, which in turn coated 
fibrous smithsonito. The. calamine occurs for 
the most part as druses in openings in smith- 
sonite and adjacent g a ague materials. It is 
also present in small amount disseminated in 
smithsonitc or limestone. 

Hydrous oxides of iron, principally limonite, 
occur as coloring matter in the brown ore and 
as fracture fillings along whic h the zinc ore has 
been leached, but most abuudantly as layers 
from u few inches to a few feet thick between 
bodies of oxidized lead and zinc ore. Much if 
not most of the iron oxide has evidently been 
derived by oxidation of the ferruginous smilh- 


P AH AGENESIS. 

Comparative study of a large number of 
spoctmChS '’shows I the' following > poraghtiesis of 
oxidized' zinbores and related minerals, which 
is shown diagrammatical]v in figure 22. The 
granular ferruginous sniithsonite was the first 
ore mineral to form, replacing limestone. 
This was apparently followed by the oxides of 
iron and manganese, which were in large part 
derived by oxidation of the smithsonito and 
were still forming during the growth of (lie other 
minerals. The fihroua smithsonito and hvdro- 
i zincite toll owed, the latter in part as a probable 
alteration product of granular sniithsonite and 


Granular smithsonitc 
(or monheimite) 

Fibrous and 
drusy 

smithsonitc 




h'ydrczincite. 



/lunchaicitc 
<-* 

Malachite 
< -—> 

Calamine 


Iron 

Aragonite 

Co! cite 

4-> 

Gypsum 

and manganese oxides (still forming) 

Kigor 

R 22.—Diagram 

Hetaerolite (?) 

-» 

illml rating pamscnifsb of oxlriiied 7.ice ami reluicil minemJs. 


sonite. The crusts of soft brown material, 1 
however, that line some of the openings up- J 
pear to have been deposited directly from so¬ 
lution. Hydrous manganese oxide is present 
as a black amorphous material wluch has the 
same mode of occurrence ns the iron oxides. 
It is very subordinate to the iron oxides and is 
more prominent in the lower parts of stopes 
than elsewhere. In some places the black 
manganese mineral resembles hetnerolite, the 
hydrous zinc-manganese oxide, but none of it 
sufficiently pure to permit chemical determi¬ 
nation could be found. The other gangue 
minerals have the stupe characteristics as in 
other oxidized deposits of the district. 


in part alternating with fibrous smitlisonite. 

I Calamine is distinctly later than fibrous sniith¬ 
sonite, but its relations to hydroziucite, auri- 
chalcite, and malachite are not clear. Calcite 
was distinctly later thou till the zinc minerals. 
No aragonite or gypsum were found in contact 
with zinc minerals. The low zinc content of 
one aragonite specimen, however, suggests a 
close time relation with hydroziucite, and the 
solubility of gypsum in water, greater than that 
of calcite, suggests that it. was the latest of tdl 
the minerals. 

GENESIS. 

Thero is no question that the oxidized zinc 
ore bodies were derived from original bodies of 
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mixed kind mid zinc sulphides. 1 Tho zinc 
blonde was oxidized to tho very solublo zinc 
sulphate, which was carried downward, whereas 
tho relatively insoluble oxidation products of 
galena remained in tho original ore body. 
The zinc sulphate solution, moving along 
fractures and bedding planes, replaced the 
purer and more permeable beds of limestone 
with which it camo into contact, forming the 
granular smithsonite. The dnisy and fibrous 


with smithsonito along watercourses and 
depositing calamine. 

The zinc-load or ‘‘combination” ore in the 
North Tintic district was formed by the same 
chemical processes as tho zinc ores free from 
lead, but the original lead-zinc sulphide ore 
was evidently duo to impregnation rather 
than complete replacement of tho liinestono. 

! When tho zinc blonde was oxidized, limestone 
I was at hand to react immediately with the 
resulting zinc sulphate before 
it could migrate from the lead 
ore. Tiro' only remnants of 
sulphides seen in the North 
Tintic district are dissemi¬ 
nated in limestone and do not 
form solid masses. 


VARIATIONS IN SIZE AND DIS¬ 
TRIBUTION OF OXIDIZED ZINC 
ORE BODIES. 


FiuuKJCSf.—lkbgrajmnatta sections * how I tig rr«tollon.\ bniween atop*, of oxidized zinc and l«id 
ere* la May Dny imtl Vuirtue rotafa, loxt Inf •* planalion. 


smithsonito, tho liydrozincite, and other car¬ 
bonates worn formed either by a recrystalliza¬ 
tion of smithsonito along cavity walls or 
by precipitation dining a later stage of oxida¬ 
tion, after the sulphur necessary to form zinc 
sulphate had boon largely exhausted and 
carbon dioxide became an active acid radicle. 
Tho silica in the ground water, derived from 
silicoo.us portions of primary oro or from 
porphyry that formerly overlay tho present 
surface, also became an active acid radicle 
during tho late stages of oxidation, reacting 

' Tor a room coin pMo db<tis*Jon of tho soo Louftfilixi, G. F. f 

Tho uxldfrod zin<» ocm af th*> 1 luilodU(r!ct, Utah; Econ. Geolcgy, vol.9, 
pp. 11-14, 1014. 


Variations m the size o: 
the oxidized zinc, ore bodies 
and their relations to the 
lead stopes are due to a num¬ 
ber of causes, such as varia¬ 
tions in the quantity of 
original zinc blende available 
in different bodies, in the 
rate of downward migration, 
in the arrangement of open¬ 
ings along which the solu¬ 
tions flowed, and in the per¬ 
meability of tho limestone 
beds with which they r enrne 
in contact. These variations 
are illustrated diagranunatic- 
nlly'by figure 23. Figure 23, 
A, represents a place in the 
Yankee mine where the rock 
botween two lead stopos is mostly silicified and 
only a small amount of limestone was available 
for replacement by zinc carbonate, which mast 
have been derivod from the upper part of the 
upper slope. The down-dip ends of theso 
load stopes had not been prospected for zinc 
ore at the time of tlio writer's visit. Figure 
23, B, represents anothor place in tho same 
mine whore the zinc carbonate replaced a thin 
stratum of coarse-grained limestone that 
formed the immediate floor of a lead stope 
but could not penetrate a dense or “tight” 
bed below it. In tho stopes illustrated by 
figm-e 23, C und D, nlso iu the Yankee mine, tho 
floor of the load stopo was impervious and the 
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zinc-sulpha t o solutions had to escape through 
the down-dip portion of the roof. It is sig¬ 
nificant that the tops of these zinc slopes in 
the hanging wall are lower than the tops of 
the corresponding lend stones. The same 
conditions are shown hy the upper zinc ore 
body represented in figure 23, E (Yankee 
mine), where part of the solutions migrated 
along a watercourse in the lower hanging 
wall; but here n greater part permeated and 
replaced the lower footwnll. Figure 23, E, 
represents moro complicated conditions that- 
controlled the formation of ono of the larger 
zinc ore bodies in tho May Day mine. Here 
the Hoor of the lead stopo is u “tight.” lime¬ 
stone that tho zinc ore could replace only 
along certain open bedding planes and fissures. 
The solutions for the most part migrated 
downward along those fissuros to a coarse¬ 
grained permeable bod which was readily 
replaced, tho solutions moving along fissures 
and bedding planes until their supply of zinc 
was exhausted. Figure 23, G, represents 
general conditions in tho Gemini and Ridge 
and Valley mines, whoro the lead stopos are 
nearly vortical and the course of tho zinc 
solutions was nearly vertically downward along 
bedding planes and fissures. The relation of 
oxidized zinc to lead ore in tho Lowor Mammoth 
mine is shown iu figure 34 (p. 221). 

RANGE IN METAL CONTENTS. 

The zinc content of small samples may range 
from that of pure smithsouito or calamine, over 
50 per cent, down to 15 per cent or less in lime- 
stone that is only slightly impregnated with 
zinc- minerals. Shipping ore has mostly con¬ 
tained from 29 to 35 per cent zinc, hut for a 
time early in 1913 ore containing as low as 20 
per cer.t was shipped. Selected samples of the 
ore, free from insoluble gangue matter, accord¬ 
ing lo Zalinski 1 contain no silver or gold, but 
the average ore shipped from -the May Day 
mine in 1912, according to Heikes, 3 contained 
0.027 ounce of gold and 2.20 ounces of silver to 
the ton and 2.57 per cent of lead. 

OXIDATION OK SILVER ORES. 

So far as has been ascertained the galena of 
the Tintic district owes its tenor of silver to 
irregularly distributed argentite (p. ICO; PI. 

i Znlinski, E. R., CloM nml sliver in oxldlicd Jnc ores: Eng, ui.l Min. 
lour , rol. 97, pp. I305-13M, Mil. 

1 Krises, V. C., U. 8. Cool. Survey Miner:. Uesouras. 1912, pt. I, 

p. M2, tm 


XXIX, D), which was either deposited eon- 
temporauoously with the galena or replaced it 
immediately after its development. During 
the oxidation this silver sulphide was undoubt¬ 
edly converted to sulphate, which, being easily 
soluble, may have migrated for some distance— 
rarely, however, beyond the confines of the 
siliceous deposit. 'Die oxidized zinc. ores , in 
the limestone contain vory little or no silver. 
The cnnrgite, tetrabedrite, nml famutinite 
doubtless also contained silver sulphide, but 
whether it was free or in chemical combination 
has not vet been fnllv ascertained. During 
the oxidation tho silver sulphate was in part 
reduced to sulphide, the process being aided 
probably by the organic matter abundantly 
contained in limestone and dolomite, and a 
second generation of argentite was thus 
formed. A large part of the silver was precipi¬ 
tated ns cerargyrito hy tho ever-present sodium 
chloride in the mine water, and cenugyrite is, 
in fact, the most common silver mineral in the 
Tintic district. Some ccrurgyrite resulted 
from the direct replacement of argentite, nnd 
native silver was produced hv tho oxidation of 
tho chloride or the sulpiride. 

Barite may be rich in silver, doubtless 
through secondary processes precipitating sil¬ 
ver oldorido. Some of the massive copper- 
stained barite in the Centennial Eureka mine 
contained 80 ounces of silver nnd $10 in gold to 
tho ton. 

Tho question of what happens to the silver in 
galena during oxidation is one of considerable 
interest. S. F. Emmons, s in lus Leadville re¬ 
port, states that “the greater richness in silver 
of galena over ccrusite in this regiou is very 
noteworthy,” and that, according to L. D. 
Ricketts, 4 the average silver tenor of the ccru¬ 
site of Carbonute Hill is less than 40 ounces to 
the ton, whereas the galena averages Mo ounces 
to the ton. The richness of the galena men¬ 
tioned by Emmonsstronglysuggestscnrichment • 

At Tintic the galena is much poorer in silver, 
containing from 10 to 60 ounces to the ton. 
Some careful assays were made to ascert ain the 
general application of the rclntious set forth by 
Emmons. Some pure galena from tho Vic¬ 
toria mine was found by Prof. E. E. Bugbec to 
contain 0.02 ounce of gold and 20.8 ounces of 
silver to the ton. Coarse galena from level 14 

* OrolCRy n/u! mining iudm-try ol Lr.klv;lle, Colo.. V. S. Gcol. Survey. 
Moo. 12, p. 05.1, ure. 

« Ores q { Lcodvillc, p. >7, I'rmocton, 1SS1. 
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taken place, hut rather that a certain amount 
of enrichment has been effected, probably in 
the main through reduction of volume during 
oxidation. 

The presence of secondary argentite has 
been abundantly proved. Tho analyses of 
wholly oxidized lead ores (p. 102) show that in 
several places a considerable amount of silver 
sulphide was dissolved by nitric acid, in which 
silver chloride is insoluble. 

A specimen of rich ore from the 1,050-foot 
level of the Victoria mine, investigated by 
Messrs. Means, Whitehead, and Wells, proved 
especially instructive. It is a fine-grained 
mottled dark-gray, heavy compact rock, no 
doubt representing a local enrichment. An 
assay of the heaviest part yielded 0.77 ouuce 
of gold and 6,980 ounces of silver to the ton, 
or about 22 per cent. A thin section shows a 
fine-grained gangue of quartz and barite 
traversed by a network of argentite (PI. 
XXIX, vl). Tho argentite is in places re¬ 
placed by eerargyrito, and the argentite veins 
are lined by au opaque milky aggregate, 
which proves to bo bismuthite (bismuth car¬ 
bonate). Cerorgyrite and a yellow substance, 
perhaps bismite, in part, coat joint planes. 
The argentite is unquestionably secondary, for 
the delicate network of it cuts across all the 
older textures. vSmall grains of native yellow 
gold .occur in tho argentite. An analysis of 
this specimen runs as follows: 


•cmini assayed a trace of gold and 18.8 
M silver. A heavy lead carbonate ore 
® Colorado mine yielded 0.04 ounce of 
1 only 7.52 ounces of silver. A cuprite j 
White ore from level 13 of tho Conten- I 
roka contained a trace of gold and 8.75 
of silver. The low teuor of the oxidized 
ores is attested by a shipment of such 
u the Eureka Hill mine. According to 
W. Ritor, it contained 27.16 per cent of 
0.012 ounce of gold, and only 1.67 
of silver. 

ecimen from the Colorado mine, taken 
i 300-foot level near tho Sioux line, 
l galena, unglesite, and cerusite. Tho 
, which was a bunded mixture of "steel” 
arse galena partly converted to unglesite 
the elouvago lines, was found to contain 
nee of gold and 3.25 ounces of silver to 
n. The anglesito crust immediately ad- 
; contained 0.7 ounce of gold and 19.2 
i of eilvor; the load carbonate imme- 
t adjoining the angle-site gave 0.8 ounce 
d and 18.06 ounces of silver. In this 
ion, therefore, the cerusite and anglesito 
n about the same amounts of silver and 
but the galena was very much poorer, 

, seems as if the oxidation had resulted 
distinct enrichment both of silver and 
The ores of the Colorado mine coa- 
largcly of heavy carbonate with some 
nJ galena, and their average silver con- 
,vas about. 45 ounces to tho ton. 
order to obtain an idea of the relative 
css of coarse and "steel” galena, a speci- 
froiu tho Eugle and Blue Bell, which 
ed both varieties in juxtaposition, was 
red. Tho course galena, which was mixed 
about 30 per cent of barite, yielded 0.01 
e of gold and 50 o uncos of silver to the 
the adjoining "steel” galena gave 0.03 
0 of gold and 46 ounces of silver, showing 
in this material there is no strongly 
ied difference. 

appeal's that probably no general rule 
bo established, but tho volativo richness 
,nds on how quickly and effectively the 
r sulphato is transformed to chloride and 
hide. With regard to tho specimens from 
Colorado mine at Tiutic, it seems certain 
no impoverishment hy extensive migra- 
of the silver from the ore body can have 


Analysis of rirh silver ore from. Victoria mine. 
|R. C. Well;, analyst.! 


Loss on ignition. 3.57 

Insoluble in HNO,... 06,10 

Soluble in ETN0 3 : 

CO,.. 2. 48 

Cl. Nouo. 

AsA.-.. Oj 

P.,0,- . None. 

Cu. Nona. 

Ag. 4.15 

ri>o.31 

Fc-O,.92 

CaO.70 

MgO. None. 

Di .Oj.. . 18. 07 

80,..-.53 


90. 99 

Upon treatment with ammonia 1.0S per cent 
of silver chloride was dissolved, which is in¬ 
cluded in tho material ‘'insoluble in UNO,” ns 
stated above. 
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An additional determination gave the fol¬ 
lowing results: 

Ag soluble in hot FINi >,. 4. -15 

Ag soluble in one-fourth cold UNO.,. . None. 

Totals. 2.62 

Total JBaO. S. 72 

S required for BaSO,. 1.821 o 

S required for 1.15 per cent Ag us Ag.R.t>6| 

S available for other constituents.11 

Bi,0 3 soluble in one-fourth cokl UNO;,. 20,16 

Bi'o, CO* calculated.... 22. to 

CO., available for other const it nanla . ... .5-1 

This remarkable oro is thus proved by ohem- I 
icnl and microscopic study to he a compound 
of quartz, barite, argon Lite, and bismutlute, 
with some oerargyrite resulting from the de¬ 
composition of the secondary argentite. It 
represents undoubtedly a great enrichment of 
silver and gold from considerable masses of ore, 
and both these metals, ns well as the bismuth, 
must have migrated a considerable distance. 
There arc. no remains of primary sulphides in 
the ore. 

Another interesting specimen of oxidized ore 
in which the secondary nature of the argonlitc 
is clearly shown came from the rich winze on 
the 1,200-foot level at the uorth end of the 
Eagle and Blue Bell mine. The rock, origi¬ 
nally a jasperoid, is now in part replaced by 
argentite and horn silver and coated by soft 
yellow crusts containing iron, lead, and bis¬ 
muth. Argent!to occurs throughout the speci¬ 
men in spots large enough to be identified with, 
the naked eye. Brown horn silver coats joints 
and druses and is in part crystallized. In pol¬ 
ished sections the argentite is seen to be dis¬ 
seminated in small grains which have a marked 
concentric structure and which are In part 
converted to horn silver. Small specks of 
bright yellow gold occur both in argentite and 
quartz. 

Tlio cklorido of silver (oerargyrite, or horn 
silver) usually occurs a t Tin tic ns brown crusts 
and films on joint planes of jasperoid or oxi¬ 
dized ore. It is abundant, though generally 
oot conspicuous, in all the silver-lead mines 
and in mines that contain highly siliceous ores, 
like the Iron Blossom. Native silver is much 
less abundant but in many places accompanies 
the chloride. The. most extensivo bodies of 
pure silver ores occurred in the upper levels or 
at medium depths of the Eureka Hill, Bullion 
Beck, and Gemini mines, but rich horn-silver 


ores ulso occurred in abundance, for instance, 
in the 1,200-foot level of the Eagle and Blue 
Bell and in many other deep mines. A small 
but rich body of oxidized silver ore was found 
in kaolin ou level 21 of the Mammoth mine. 

The richest of the oxidized silver ores are not 
found in the oxidized lead ores but in highly 
siliceous ores poor in lead. Much ore of tins 
kind was mined in the Gemini and the Eureka 
Hill. This distribution of the. rich ore may be 
caused by extensive migration of tno silver so¬ 
lution into siliceous masses underlying the lend 
shoots, for it is unquestionably true that the 
silver migrates farther than the lead; or it may 
be due to a higher primary silver content of cer¬ 
tain kinds of siliceous ore containing primary 
disseminated, tetrukedritc. These questions 
nre difficult to decide, for most of these oro 
bodies were mined out long ago. 

Gemini ores of Miis kind contained, for in¬ 
stance, 6 to 7 per ccut of lead and about 75 
ounces of silver to the ton, and similar Eureka 
Hill ores from the Billings stope yielded 5 per 
cent of lend and 20 to 30 ounces of silver. 

SECONDARY SILVER SULPHIDES. 

Complex silver sidpliidcs are not common in 
the Tintic district. The rare pearccite, from 
the exceptional Gem shoot of the Eureka Hill 
and Gemini mines, is described on pago 179. 
The tetruhedrite and cnargite contain silver 
but apparently uot in great amount. Prous- 
tite, or arsenical ruby silver, has been reported 
from a few places. The only occurrence that 
could bo examined was a specimen from the 
Chief mine, kindly given by Mr. Walter Fitch. 
Ruby silvor is also reported from the Gem shoot 
in the Gemini mine, level IS). 

The specimen from the Chief mine was exam¬ 
ined by Messrs. Whitehead and Means and 
shows a predominating fine-grained jasperoid 
with drusy cavities coated by small quartz 
crystals. Yellow coatings on the surface of 
the specimen prove to be bismutlute. Numer¬ 
ous small grains of proustite show in the speci¬ 
men, and a thin coating of the surno mineral 
covers a joint plane. In thin section the fine¬ 
grained jasperoid is dotted with oxidized prod¬ 
ucts, such aa limonite and malachite, and con¬ 
tains barite laths partly' replaced by' quartz. 
These occur both in the earlier and in the later 
quartz, which coats and fills cavities. Grains 
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of cerusite replace the quartz, and malachite 
(ills some of the vugs. The ruby silver is con¬ 
tained iri the coarse quartz, and most of it is a 
late product filling the centers of the drusy cavi¬ 
ties. Polished sections show that the prous- 
tito is in part replaced along its margins by n 
mineral identified as argentine (PI. XXVIC, E, 
p. 165). A third metallic mineral is probably 
present but has not been identified. 

The somewhat scant evidence indicates that 
complex and rich silver sulphides are absent 
from the normal primary ore and that ruby 
silver was deposited either soon after the end 
of the principal epoch of mineralization or more 
probably during the oxidation. 

OXIDATION OF BISMUTH ORES. 

Bismuth lias not been found in the Gemini 
ore zone, but it occurs in considerable abun¬ 
dance in the Mammoth zone and in thesouthorn 
part of the Godiva zone. The Boss Tweed 
mine yielded a large amount of bismuthite, 
according to Tower and Smith, and lately bis¬ 
muth arsenate (arsenobismitc) has been en¬ 
countered in commercial quantities in the Mam¬ 
moth mine. The siliceous ore of the Victoria 
contains bismutliitc associated with arizentito 
(p. 174), and dark-vellow mammillary crusts on 
corroded quartz from the Eagle and Bluebell 
were found lo consist of plumbojarosito mixed 
with bismite (Bi,0,). (See p. 162.) 

The primary bismuth sulphide from which 
these oxy-snlts have been derived hus not so 
far beon discovered. The occurrence in the 
Mammoth mine perhaps points to a complex 
sulpharsenide of bismuth and copper. It does 
not seem likely that bismutlunite (Bi,S,) could 
have escaped notice if it formed part of the 
primary association. 

CONCENTRATION OF GOLD DURING OXIDATION. 

OCCURRENCE. 

Most, of the Tint.ic. copper ores and some of 
the largo bodies of siliceous low-grade lead 
oro like those of the Iron Blossom mine con¬ 
tain from $4 to St2 in gold to the ton. It is 
not likely that the tenor of these ores has 
been notably, increased by migration of the 
gold, though it may have been increased some¬ 
what by reduction of volume during the oxi¬ 
dation. The distribution of gold in some of 
theso ores is very irregular, though a certain 
average may bo maintained. A series of 
assays from a stope in the Colorado mine, for 


instance, showed from nothing up to 86 to the 
ton in gold. Another stope in Iron Blossom 
No. 3 gave assays ranging from $0.80 to 
Si8.20, the average of all the assays being 
about 85. Certain spots and ports of the 
shoots are much richer than the rest, and these 
undoubtedly indicate local migration and con¬ 
centration. Some examples of these condi¬ 
tions, taken at random from a long series of 
assays, are set forth below: 

Gobi, silver, and lead consent of certain parts of m m c shoots. 

Colotudo mine. Spantah Fork tftope*; willcrouH lend ore. 


1 

Gold, 
(value 
per ton). 

Silver 
(ounces 
per ton). 

Lead 

(per 

cent). 

50. SO 

17 

16.5 

2.40 

44 

21.0 

8.00 

72 

13.5 

30. 10 

361 

8,0 

GO. 00 

1,102 

21.8 

104. 00 

1,108 

49.7 


Iron BloHoom No. 1* South Htope No. 3; rtlllceauH ores poor in Ictul. 


•fl. 20 

11 


6.00 

22 


28. 00 

180 


120. 00 

66 


284.00 

152 


508.00 

26 

.1 


Iron O!o-.iom No. 3, Van ttlopr. 


$1.20. 

4 

3.00 

2. SO 

37 


6.00 

33 

7.90 

8.10 

43 

...... 

19. 60 

222 

3.00 


In the ores of the Colorado mine high gold 
content is accompanied by rising and very 
high tenor in silver, but the lead rather de¬ 
creases or at any rate bears no direct relation 
to the gold. These ores may contain some 
residuary galena and undoubtedly contain 
argentite and horn silver. 

In the Centennial Eureka all the copper oro 
carries from 84 to $15 to the ton in gold, 
but on many levels—lor instance, on levels 2, 
3, 9, 14, and 16—much richer local siliceous 
masses are found, so that these rich gold 
ores may be found at any depth. Some of 
this ore contains several ounces of gold to 
the ton, and one carload of 50 tons from level 
9 is said to have averaged 16 ounces, or almost 
S320, to the ton. 
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Rich spots arc often found in the Engle 
and Blue Boll ami Victoria mines in honey¬ 
combed quartz ore, with a little oxidized 
bismuth and lead minerals. Some of the 
siliceous ores averaged $10 in gold and 20 
ounces of silver to the ton, with 1 to 3 per cent 
of lead, but the richest ore on the 1,200-foot 
level yielded $80 in gold, 130 ounces of silver, 
and 2 per cent of lead. Heavy galena ores 
are never rich in gold, enai’gito ores generally 
contain a few dollars' worth to the ton, and 
oxidized copper ores appear to be poor in gold. 

On the 1,100-foot level in the Victoria was 
found an almost spherical mass of ore 30 by 24 
feet. This is said t.o have averaged $40 in 
gold and 2 or 3 ounces of silver to the ton, 
hut it contained no lead or copper. 

The Mammoth mine has been rich in gold, 
mostly associated with the copper ores. Parts 
of the Apex stope were rich in gold from the 
surface down to level 15. The Silveropolis 
copper-lead shoot was likewise rich in gold, 
but* the Welding copper shoot contains only 
|l to $2 in gold to the ton. The poor siliceous 
ores of t he lower levels are valuable principally 
for their gold content, ns they contain little 
silver and no lead or copper. 

The North Star mine, on the Godiva ore 
zone, is said to have yielded more gold in 
proportion to the other metals (lead and 
copper) than any of the other mines of the 
district. Two-thirds of the value of the ore 
was in gold. The ore from this mine was not 
available for examination. 

CHARACTER OF ORES. 

Native gold is not visible in the distinctly 
primary ores, but many of the secondary gold 
ores show small grains and flakes of it; these 
are usually of bright yellow color, indicating 
that only a small amount of silver is alloyod. 
Some gold in the Mammoth mine, level 10, and 
in the North Star mine is said to have occurred 
in barite, but it is a question whether this 
is not an accidental association, barite being 
common in all the copper mines. Of more 
significance is the occurrence of earthy manga¬ 
nese dioxide in most of the mines that contain 
shoots of secondary gold. This was par¬ 
ticularly observed in the Mammoth mine, 
where the association is well known to the 
miners. It is said that in the Silveropolis 
shoot of this mine, down to level 6, much 
1043T>5°—19-—12 


manganese accompanied native gold. Con¬ 
siderable manganese was also observed in tho 
Victoria, Centennial Eureka, and Iron Blossom 
No. 1 mines. During the present examination 
no gold was seen directly embedded in manga¬ 
nese minerals in any of these mines, but there 
can be lit tie doubt that with free sulohuric acid 
available from the oxidation of sulphides and 
sodium chloride supplied to the mine waters 
by winds from the deserts of the Salt Lake 
region the necessary conditions for tho genera¬ 
tion of chlorine and the solution of gold are 
present, and that migration on a moderate 
scale may he effected at. any level above that 
of ground water. 

There are throe modes of association of sec¬ 
ondary nat ive gold: 

1. Gold occurs iu small grains and flakes in 
secondary urgent! te, as is shown convincingly by 
specimens from tho Victoria and Eagle and 
Blue Boll mines (p. 175). Thegold is rarely visi¬ 
ble with the uaked eye or in thin section hut is 
easily perceived in polished sections. A large 
part of tho secondary gold belongs to this class, 

2. Gold occius in highly siliceous ores as 
bright-yellow flakes on joint planes, Thus 
mode of occurrence is well shown in much of 
the rich gold ore from tho Victoria mine and is 
probably also well exemplified in the Mammoth 
and Centennial mines. Such ores are poor in 
silver. Small specimens of the rich gold ore 
from the Mammoth, containing abundant visi¬ 
ble gold and probably taken from tho gold 
shoot on level 15, show an allotriomorphic :as- 
peroid of medium grain. The gold occurs with 
a little limonite along the plaues separating the 
small quartz grains. 

3. Gold is sometimes found iu limonite. One 
such occurrence was noted in the May Day 
mine, where a lead shoot was underlain by a 
seam of dark-brown earthy limonite that wus 
said to be shipping ore containing about $20 in 
gold to the ton. Specimens collected here 
proved, however, to be poor, and no metallic 
panicles were found. 

ORE FROM THE OEM CHANNEL OF THE GEMINI 
MINE. 

OCCURRENCE. 

In tho so-called Gem channel, the most west¬ 
erly chain of deposits of the Gemini mine, there 
appears an ore of such peculiar character that 
it must be described separately. It differs 
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markedly from the ores found elsewhere iu the 
mine or in the entire district, and dorives addi¬ 
tional interest from the fact that most of it was 
found below the water level, where for a few 
years explorations were carried on by means of 
a winze from the 1,650-foot level, at which the 
water now stands in the mine. (See p. 189.) 
The shoot, which is very irregular, extends 
along the fissure lino known as I he Gem chan¬ 
nel. It was first found a little above the 1,300- 
foot level uud was followed down to the 1,900- 
foot level. Although at present the wateT 
stands at 1,050 foot in the Gemini mine the next 
few levels above this are very wet, at least in¬ 
cluding the 1,400-foot level. 

Tho Gem channel carries no ore above this 
shoot hi tho Gemini mine, but bodies have been 
mined in the Bullion Bock mine, to the south, 
and in the Eureka Hill and Centennial mines, 
still farther in the same direction, The old 
workings in the Bullion Beck are scarcely acces¬ 
sible, hut so far as could be ascertained neither 
these nor tho workings farther south carried 
similar ore. Much of the ore in these mines 
along this channel was, liowovor, thoroughly 
oxidized. 

Characteristic, sulphido ore was found in 
ttbunduneo on the 1,400-foot level, and similar 
ores were collected on tho 1,650-loot level. A 
suite of fine specimens from the 1,900-foot level, 
obtained through the kindness of the Messrs. 
McChrystal, was carefully examined. 

Ore similar to this was not found elsewhere 
in tho district. At three other places, at leust, 
the water level has been approached or reached 
in ore. One is along the Tank and Interme¬ 
diate “channels” of tho Gemini, on the 1,650- 
foot level, where apparently no abnormal ore has 
been found. Another locality is in the Main- 
moth lilino, where tho low-grade ore is entirely 
oxidized. The third place is in the Chief mine 
on tho 1 ,S00-foot level where lead ore was re¬ 
cently found a few feet nbovo the water level. 
Specimens of this ore wore obtained through 
the kindness of Mr. Walter Fitch und proved 
to ho ti high-grade gulena ore with much angle- 
site and eonisite, a little zinc blende, and a lew 
small crystals of galena. The ore specimens 
yielded 0.04 ounce of gold and 65 ounces of 
silver to the ten. In similar ore from the 
Eagle and Blue Bell mine the galena upon 
etching in polished sections was found to con¬ 
tain irregularly distributed grains of nrgontite 
XXIX, D ), possibly also some secondary 


avgentite along the margins of tho galena, but 
differed in no essential way from the normal 
high-grade load ore of tho district. This fuct 
makes it difficult to attribute tho peculiar and 
rich ore of the Gem channel to sulphide enrich¬ 
ment by descending waters. It is possible that 
during tho Pleistocene epoch of Lake Bonne¬ 
ville the water lovel in the district stood a few 
hundred feet higher than now, but if so the ore 
at or close to tho present water level in other 
mines should also show evidence of sulphido en¬ 
richment, which it does not, so far as observed. 

The interesting fact that this ore is partly 
oxidized below the water level is mentioned 
above (p. 161). Tho vugs contain cerasito crys¬ 
tals joined with silver threads; nests of wire 
silver are common, and complete oxidation, 
with the development of cenisito, limonite, and 
malachite is shown even on the 1,900-foot level. 
This evidence indicates that the water level, 
either before the Lake Bonneville epoch or 
during an arid stage of the epoch, was oven 
lower than it is to-day. r 

TENOR IN SILVER. 

Ores very' rich hi silver have been mined on 
nmny levols in tho Gemini mine, hut these owed 
their tenor to horn silver and were in general 
almost wholly oxidized. Ordinary sulphide 
ores of tho lower levels in other “channels” of 
the mine are not excessively rich, the galena 
rarely containing more than 50 ounces of silver 
to t he ton. The sulphide ores of the Gem shoot, 
on the other hand, are exceptionally rich in 
silver and contain from 50 to 3,000 ounces of 
silver to the ton, even when mixed with con¬ 
siderable gongue. A series of assays by Prof. 
E. E. Bugbee yielded the following results: 


Assays of silver ores of Clem shoot. 
|Ounc«« per ton.] 



Gold. ■ 

j Silver. 

Pure Ralena, 1,-tOO-fciot level (No. 



:V20). 

Trace. 

IS. 80 

Pure enargite, 1 ,'JOO-foot level (No. 


20:51. 

0.08 


Galena, pearceite, inarcasite, and 
zinc blende, with much gaugin'. 




I ,*to0-foot level (No. :52I V .. 

.01 

G4.90 

Coan*s galena with pcai ccite, 1,900- 
foot level (No. 2). 

1 

.02 

<128.00 

Coarse galena and zinc blende, 

1.900-foot level (No. 3) ... 

Trace. 

19.94 

Medium-grained galena with ocarcc- 

ite, 1,900-foot level (No. -1). 

Trace. 

1,529.00 

iralvna. native, silver, nncl pcarcc- 


ite, 1.900-foot level (No. 5). 

Trace. 

2,528.00 
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ORES FROM THE OEM CHANNEL, GEMINI MINE. 

J. Ore from 1030-loot level, showing vein* of galena and peareeile in juaperuid. 

Natural size. 

8. Ore from 1400-foot level, 300 feet north of winze, allowing breceia of jasperoid and 
dolomite, galena, pearccite, and zinc blende anrrounded by replacement 
rings of marcasite (?). Natural size. 
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These assays soem to indicate (hat (lie pure 
galena and zinc blende contain comparatively 
little silver, like the enurgite, which occurs very 
sparingly. The galena in specimen 320 in pol¬ 
ished section was found to contain only a few 
scattered grains of argeutite. Specimen 321 is 
the one figured in Plate XXX, A, and half of 
the sawed specimen was used for the assay. 
Specimens 2, 4, and 5 all contained pearccite 
mixed with galena and secondary wire silver 
in places. 

The smelter analysis of part of the ore in ,a 
raise from the 1,400 to the 1,300 foot level gave: 
Lead, 11.65 percent; zinc, 2.6 percent; iron, 
3.55 per cent: sulphur, 4.65 per cent; silver, 
114.9 ounces; this is very similar to all the ore 
shipped from this shoot. The average of all 
the ore shipped is said to have been 50 ounces 
of silver to the ton, which is high for the mine. 

CHARACTER OF ORE. 

The Gem shoot occurs in a dark fine-grained 
dolomite that is in places black and shaly. So 
far as examined the ore has a breceiated struc¬ 
ture, and the ore minerals mainly fill the inter¬ 
stices between the fragments of darK fine¬ 
grained jnsperoid and dolomite. Much of the 
jasperoid in the fragments is identical with the 
ordinary low-grade oro of the mine and con¬ 
tains finely disseminated galena, zinc blende, 
and pyrite. The jnsperoid in places shows vein- 
lets of chalcedony cut off at the edge of the 
fragments. 

The coarser-grained sulpiride minerals char¬ 
acteristic of this ore in part replace the cement 
of the breccia, in part t hey are pure filling, and 
in part they replace the dolomite fragments, a 
mode of occurrence not known elsewhere in the 
mine or in the district, except in some of the 
outlying mines in North and East Tintic. 

The ore minerals consist of coarse galena, 
much zinc blende, a little cnnrgite, innrcusite 
(O.and pearccite. Their deposition was ac¬ 
companied hv the formation of a little quartz 
in small, clear crystals, seemingly the last- min¬ 
eral to form. The photograph of a typical 
specimen, polished for the purpose, is repro¬ 
duced in Plate XXX, B. 

The galena occurs in cubes and large grains 
with a tendency to rounded growths. Some of 
it forms narrow and branching vcinlets in jns¬ 
peroid (PI. XXX, ri) and may be surrounded 
by a rim of yellow zinc blende. It is very com¬ 


monly intergrowu with pearceite and zinc 
blende in the manner described below. 

Zinc blende occurs irt small rounded concre¬ 
tionary masses with delicate concentric struc¬ 
ture; those spherulites contain dropliko inclu¬ 
sions of galena. 

Marcasite is found coating crevices and frag¬ 
ments in the shoot as low as the 1,900-foot level. 
It is plainly crystallized, though the crystals 
are minute. In the ore as represented on 
Plate XXX, B, iron disulphide forms small 
solid spheres, some of which showing free in 
vugs, or it forms hollow spheres surrounding 
the other minerals and showing as rings in the 
polished sections. Tliis mineral, which is 
| probably marcasite, has an extromely fine 
radial-concentric texture. 

A series of assays indicate that pure galena, 
zinc blende, and enargite contain compara¬ 
tively little silver. The principal silver-boaring 
mineral is with considerable confidence identi¬ 
fied as pearceite, and occurs in all of the rich 
specimens. It occurs massive with galenu, has 
a dark-gray color, blackish streak, and hard¬ 
ness about 3, fuses very easily in alcohol flame, 
and contains much silver, arsenic, and sulphur 
and a considerable amount of copper. Under 
the metollograpluc microscope it looks greenish 
gray, much like tennantite. Native silver 
forms abundantly wherever decomposition has 
set in. 

Pearceite is characteristically intergrowu 
with galena, the boundaries being sharp and 
regular. In some places it is surrounded by 
galena; in others it is intergrowu with galena, 
the texture resembling that of a typical eutec¬ 
tic. 1 (See PI. XXIX, B, 0, p. 169.) The 
“eutectic” texture is probably caused by the 
replacement of galena by pearceite. 

Covollite, a secondary mineral, replaces 
both galena and pearceite in blades or inti¬ 
mately branching form, some of it recalling 
“eutectic” texture. This mineral is fairly com¬ 
mon but is rarely visible except under the 
microscope. 

Galena is intergrown with zinc blende, but 
zinc blende, marcasite, and pearceite are no¬ 
where intergrown. Pearceite appears to be the 
latest mineral. 

This ore differs markedly from the normal 
ores of the district in the abundance of a rich 
silver sulpharsonidc, in the concretionary or 

< Kcr a mow detailed <Jo*Tlptlon of this in to re-1 ln« otourwivt*, 
WhjtfiaojJ, \V. I,., The peni««t<wi3 of certain sulptltlo InteraoMUu: 
Eton. Chielopy, Tol. 11, pp. 1-13, 1916. 
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sphcrulitic texture of some of tho zinc blende 
und murcasite, and in the replacement of 
dolomite by the sulphide. So far as observed 
any concentration of nrgentit.o or ruby silver in 
t he ores of the district is caused by compara¬ 
tively late enrichment, which probably took 
place during tho oxidation. It can be said 
with confidence that these rich silver ores of 
the Gemini mine are Inter than the first phase 
of the mineralization (p. 154), and they differ 
very strongly from the ores of the second 
phase. It is therefore held that tho ores of 
tho Gem channel were deposited after the 
principal phases of the mineralization were 
completed hut before active oxidation had 
begun. It can not bo asserted that, they were 
formed by descending solutions, hut they were 
probably formed by cooler solutions, ascending 
or descending, in which the silver eontent had 
been abnormally increased because they 
reached (heir place of deposition by traversing 
ores of medium richness already deposited. 

RELATION OF THE OBES TO THE IGNEOUS 
BOCKS. 

GENERAL FEATURES. 

The veins of Tintic intersect monzonite 
and monzonito porphyry and may be pro¬ 
ductive in these formations. They nowhere, 
so far us known, intersect rhyolite, although 
they ure more recent than the rhyolite effu¬ 
sion. The relation of the deposits to the 
rhyolite therefore becomes a mutter of con¬ 
siderable interest, which is more fully dis¬ 
cussed iu a following paragraph. 

Tho sediment ary area contains dikes of 
rhyolite, lu< ite-nndesite, rhyolite porphyry 
(Swansea rhyolite), and nionzonite porphyry. 
In many mines dikes ure not seen, but they are 
found in the underground workings of the 
Gemini, Centennial, Apex, May Day, Yaukeo, 
Cnrisa, Beck Tunnel, and Iron Blossom. 
None of these dikes are replaced by ore, 
though ore may occur close to thorn, oven up 
to the immediate contact. Most of tho dikes 
ure raoro or less clayey and contain serieito, 
calcite, and pvrite ns replacement deposits; 
the pyritc occurs usually in very minute 
grains. In places, ns in the Centennial mine, 
the igneous rock may yield a trace of silver. 

In the region of the Iron Blossom, where 
there are many dikes, evidence of a slight 
mineralization may be found along the con¬ 


tacts of these dikes even if they occur in 
nonproductive parts of tho mino; this is ex¬ 
pressed by limonito stain and silicification 
and boro and there by a low content of silver. 

The dikes are undoubtedly older than 
the ore deposits and tho relation expressed 
above is therefore interpreted os indicating 
the great selective power of precipitation by 
the liraestono or dolomite. Tho conditions 
in the Centennial mino are particularly in¬ 
structive, for here there are several dikes and 
flat masses of Swansea rhvolito porphyry in 
the midst of great ore bodies, and none of this 
igneous rock has heen replaced by ore. 

CONTACT OF RHYOLITE AND LIMESTONE. 

Tho vicinity of tho May Day mine offers 
excellent opportunities for an examination of 
tho contact between tho rhyolite flow and tho 
limestone. At the surface tho contact lies 
close to tho shaft and the portal of the up¬ 
per tunnel. It is first exposed near tho Uncle 
Sam shaft on tho lower tunnel level. Tho 
tunnel, which trends south-southwest, reaches 
tho Uncle Sam shaft in a distance of 450 feet 
and is in rhyolite at first compact but grad¬ 
ually growing more clayey. Tho contact of 
rhyolite and limestone lies about 150 feet 
south of the shaft and stands almost vertical. 
It is followed by a vein of kaolin 1 foot wide; 
adjoining this is 1 to 2 feot of a rusty matei-ial 
with limonito, which looks like oxidized 
pyritio rock, and this changes gradually into 
normal limestone; in places tho limestone is 
cellular and silicifiod. Pyrito in finoly divided 
form is also contained in tho clayey rhyolite, 
and small foils of gypsum are abundant in 
somo places. The contact of the two rocks is 
certainly mineralized to some exteut by 
pyrite, though no commercial ore is found. 
r Uiose relations show that tho contact from tho 
surface to tho tunnel level is vertical or rather 
overhanging. 

On tho 400-foot level, or 200 foot below the 
tunnol, the contact is met about 100 foot south 
of the shaft—that is, almost vertically below 
tho upper contact. The rhyolite is clayey in 
part, but in places it looks like sandstone or 
it may be hard, like quartzito; it is probably 
tuffaceous. The contact is difficult to locate 
with exactness, for both rocks are silieified 
near tho dividing plane. The limes to no is 
porous and contains barite crystals in the 
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pores, find a few foot back of the contact 
cerusito and gnlona appear on ft fissure. Much 
gold is occasionally found in the silicifiad 
material. 

On the 700-foot level the contact is shown in 
a drift east of the shaft.; it dips 20° E. and is 
indistinct and silicificd. The material along 
the contact is said to carry no metals in dotor- 
minablo quantity. The rhyolite is a dark 
clayey breccia with much pyrite or niarcastte, 
but this sulphido, according to the superin¬ 
tendent, Mr. C. C. Griggs, carries no precious 
metals. . 

On the 800-foot level the contact is 450 feet 
north of the shaft, which indicates a consider¬ 
able flattening out below the 400-foot level. 
Hore black clayey rhyolite tuff rests on brec- 
cinted limestone. 

The contact is also visible in the old Godiva 
workings. The Godiva shaft is 400 feet north¬ 
west of the Uncle Sam shaft, and its collar is 
SO feet lower. The place first visited is on the 
200-foot level or the Godiva tunnel level, 
where the contact is sharp and vortical or 
somewhat overhanging. The rhyolite is clayey 
and contains much fine-grained pyrite and 
gypsum; it adjoins a mass of limestone de¬ 
tritus, the coarse fragments of which are dis¬ 
tinctly oxidized. There has been little miner¬ 
alization, anti no ore appears on the contact, 
but n little ore was found in the fractured 
limestone about 25 fcot from the contact. 

On the 600-foot level a dikelike mass or 
pipe of fragmental rhyolite appears in the 
limestone. The contact with the rhyolite 
flow is thought to be exposed on this level, but. 
little of the rhyolite is actually seen. 

From the 500-foot level there is a connection 
with the Tetro shaft, 1,300 feet to the west, and 
by ascending this for 200 feet the old, now 
caved Tetro tunnel is reached. Hero a sharp 
contact is shown between clayey rhyolite and 
an unmistakable talus slope of limestone. 
The angular and unaltered fragments are from 
a few inches to a few feet in diameter. The 
spaces between the fragments are in part open, 
in port cemented by calcite. There is no oro 
in the vicinity, but in assaying the limestone 
along the contact Mr. Tetro obtained small 
quantities of silver. The contact is vortical 
or dips into the hill—that is, to the south; by 
plotting it on the map at a distance of 275 feet 
from tho portal it will be seen that tlio contact 


is nearly vertical from the surface. The lime¬ 
stone slope above is vory steep, and it is 
possible that these steep contacts represent 
limestone cliffs against which the rhyolite 
flowed. It is likely, however, that some late 
movement has taken place upou the contact. 

The presence of hydrothermal effects along 
the contact of rhyolite and limestone has 
been mentioned by Tower and Smith, 1 who 
also note the occurrence of ore fragments in 
the limestone talus underneath the rhyolite 
and the abrupt termination of the ore at the 
contact. In spite of careful examination of 
all available localities it has not been possible 
to verify the lust, two statements, and tho 
writer is forced to believe that they were based 
on the occurrence of a little ore in the lime¬ 
stone in the Godiva away from the contact 
aud not in the talus hut in fractured rock. 

In the Yankee tunnel the contact of rhyolite 
and limestone is also intersected, 300 feet from 
the portal. Near the contact some limonito 
was noted, suggesting a slight mineralization. 
The only other evidence bearing upon tho 
relation of the rhyolite to tho ore was dis¬ 
covered in the Eureka Hill mine. On the 
200-foot level about 430 feet north of tho 
shaft the drift crosses an old depression which 
lies 125 feet below the present surface and SO 
feet below' Eureka Gulch but a few’ hundred 
feet to tho south of it. The depth of the. 
depression below the drift is not known; its 
width is about 123 feet. It contains abundant 
boulders of rhyolite and limestone, in part 
well rounded. According to Mr. G. W. Ritcr 
and Mr. Charles Weissbakcr, respectively mana¬ 
ger and superintendent of the mine for many 
years, the wash contained in places float of 
ore, also some “volcanic ash” and bones of 
animals. 

This old channel of Eureka Gulch is there¬ 
fore of postrhyolite ago, as shown by tho 
rounded fragments of rhyolite which it con¬ 
tains. From the configuration of the rhyo¬ 
lite it is also evident that the volcanic flow' 
must have completely filled the narrow out¬ 
let of Eureka Gulch, and that this filling must 
have been eroded before the accumulations in 
the channel shown in level 2 of the Eureka 
Hill mine could have been deposited. On the 
other hand, the dctrital channel is clearly of 


• Towor, O. W., Jr., and Smith, O. O,, op. cit., p. 749. 
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considerable age and may belong to the latest 
Tertiary or the early Quaternary. 

The evidence then shows that the rhyolite 
was in place at the time of the mineralization, 
and it is evident that the fissures in which 
the on’ wns denosited failed to penetrate the 
clayey and tufTaccous lower layers of that 
rock. It is surprising that no extensive and 
rich deposits have been found underneath 
the impermeable cover of the rhyolite, but 
this is perhaps explained by the exceedingly 
strong selective action of the solutions in 
favor of the limestone, and dolomite, ft is 
also probable that the depositing solutions had 
no great volume but closely followed the 
paths prescribed by the open fractures. This 
is, indeed, dearly indicated by the absence of 
mineralization in the productive part of the 
sedimentary area except along certain well- 
defined lines, represented by the four great 
veinzones. 

GENESIS OF THE OBE DEPOSITS, 

PRINCIPAL FEATURES OK DEPOSIT'S. 

'Die ore deposits of the Tintic. district have 
been formed by replacement and filling along 
fractures. In the monzonite area, where the 
deposition seems to have had its inception, 
these fractures are, numerous and generally 
simple, trending from north to northeast. 
In the sedimentary rocks the main fractures, 
which in several places connect with those in 
the monzonite, generally trend north along 
four principal lines, but the deposition has 
been much more complex, for ores have been 
formed along fractures of ull kinds and along 
stratification planes. 

Throughout the district the. characteristic 
gnngue minerals are barite and quartz, the 
latter developed ns replacement jasperoid or 
as filling and at many places clearly consisting 
of reerysl nllizcd gelat inous silica. The chief ore 
minerals arc enurgilo and galena; in subor¬ 
dinate amounts are pyrite, zinc blende, tetra- 
hedrito, an unknown bismuth mineral, and 
others. The lead shoots arc concentrated in 
the northern part of the district; the copper 
shoots, accompanied with much halite, lie 
chiclly in tho southern sedimentary area. 

In the igneous area onargite and galena 
occur together at many places, hut tho eco¬ 
nomic. importance of the ores is small. In the 
igneous area there has been much scricitization 


and much deposition of pyrite; in the sedi¬ 
mentary area silicifktition has bceu the only 
metasomntie process. The elements of the 
primary deposits comprise lead, copper, zinc*., 
bismuth, gold, silver, arsenic, antimony, potas¬ 
sium, barium, silicon, oxygen, and sulphur. 

There is a general absence of certain con¬ 
stituents characteristic of deep-seated deposits, 
such as minerals containing boron, fluorine, and 
phosphorus, tdso of all heavy silicates, pyrrlio- 
tite, magnetite, and ilmenite. No zeolites are 
found, and n number of metals such as tellu¬ 
rium, selenium, molybdenum, tungsten, and 
rare earths are absent. Thero are practically 
no calcium nrinoruls, except dolomite imd 
calcite of late or postmineral age, clearly 
derived from the limestone. The relative 
scarcity of pyrite and zinc blende in tho lime¬ 
stone area is also noteworthy. 

Physiographic considerations lead to the 
conclusion that tho present surface is not more 
than about. 1,000 to 2,000 feet below tho surface 
that existed at tho time of ore deposition, and 
that therefore tho deposits were formed at 
relatively slight depth below tho surface and 
not at excessively high temperature and pres¬ 
sure. This conclusion is confirmed by the dis¬ 
covery that in tho northern part, of the district 
a large part of the jasperoid and quartz was 
deposited as gelatinous silica. 

That tho ores were formed by aqueous solu¬ 
tions is so evident that discussion of this ques¬ 
tion is needless. To prove the temperature of 
tho depositing waters, howevor, is less easy. 
No distinctive high-temperature minerals are 
present except possibly onargite, as to whoso 
stability limits and mode of formation little 
definite information is available. So far as 
known it is never formed by cold, descending 
waters. The silicification and tho deposition 
of quartz, barite, galena, zinc blende, argentite, 
and pyrite are possiblo nt temperatures con¬ 
siderably below 100° C.—in fact, some of the 
deposits in the outlying parts of tho district 
and the abnormal ore of the Gem channel in the 
Gemini mine boar distinct evidence of having 
been formed at temperatures below 100° C. 

If, nevertheless, it is believed that tho normal 
ores were generally formod at temperatures 
ranging from 100° to about 300° C., tliis belief 
rests more securely on geologic than on ruin- 
eralogic evidence. It is thought that tho solu¬ 
tions gradually became cooler as they pene- 
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trated into the sediments north ward. The 
progressive change northward, copper ores 
giving piece to lead ores and the grains and 
crystals of I he quartz aggregates perceptibly 
decreasing in size, gives support to this belief. 
The absence of nuironsito and the abundance 
of pyrite and its common octahedral form sug¬ 
gest higher temperatures in the monzonito than 
normal ground water would ho expected to 
have. The general similarity of the veins to 
countless others in the CordiHoran region, many 
of which, it. has been proved, were deposited by 
hot solutions, of course adds to the strength of 
tho argument. Tho widespread sericitic and 
pyritic alteration of the monzonito proves that 
it was extensively permeated by solutions con¬ 
taining hydrogen sulphide. 

GKO LOGIC EVIDENCE. 

Tho strongest evidence as to genesis is really 
geologic. The deposits wore formed, probably 
about tho middle of the Tertiary poriod, in tho 
interior of a huge volcanic pile in which the 
temperature would naturally bo abovo normal. 
They were formed in or near a largo body of hot 
monzonito, intruded as the last phase of vol¬ 
canic activity, and under a thick blanket of 
lavas which also heated the underlying rocks. 

On the other hand, the agencies that formed 
tl\e deposits censed to act long ago, as is indi¬ 
cated by the great degree of oxidation, as well 
as by physiographic evidence of debris fans and 
deeply buried stream beds, containing frag¬ 
ments of ore (p. 181). There is little reason to 
doubt that the deposition was completed before 
tho end of the Tertiary period.' 

These facts indicate that the ore deposits 
were formed within a relatively short epoch, 
just after the volcanic activity had censed, and 
were therefore intimately connected with 
igneous phenomena. The limestone contains 
abundant fractures. Many of them are much 
older than the deposits, and some are distinctly 

» The volcanic eruption* 11 ul prvwlnl cvjt> deposition won? later than 
Eocene ledluODloiion, ax shown gap. km. Tbo«rj;vUoiu jotettofea the 
upliftivul of the Bruin Rump's. On tho other omul, lukcbtdi ul PU > 
ccno In tho vicinity of Montpelier, Idaho, Jvut north of thn Wnh 
bound try, aro distinctly Inter than the Batin Range uplift, which U 
Uwxeforp Jkssliaiftt to OllKOCcne tuid Miocene time. As tho or« d»poiiU 
lire bcUcvod to lmvo br\*a fanned ax t final exprrtwsioa affgnroiuncUrftv, 
they worn pmM.mably formed before the Biinla Rairgn uplift, but cs 
thr wnilny At tgrs of vole..-Urn mar h*ivo been of loiw duration the time 
of ore d«poa(V ion can not bo arpljr fixed. If it wm In precra*? aft*r i v t« 
uplift hud begun It had ocmwI before rroxioa hid advanced enough to 
remove much of tins cover of volcanic rock* tuid thereby to allow theNiii- 
ilonx to reach the unrftwv.—O. F. I*. 


inure recent, but these, though affording excel¬ 
lent- passageways for groundwater, contain no 
metallic minerals and rio quartz hut arc at 
most cemented by calcite. This proves con¬ 
clusively that the deposits were not formed of 
material extracted by the general circulating 
ground water from the sedimentary rocks. 

DEPOSITING SOUTIONS. 

It is scarcely possible that the vast amounts 
of silica deposited were extracted from tile sedi¬ 
mentary rocks. Tests for barium in these 
rocks have proved negative, consequently the 
source of l>oth silica and barite must he sought 
elsewhere. The gangue uud ore minerals are 
identical in monzonito and in limestone. All 
this tends with cumulative effect toward proof 
of the genetic connection of the deposits with 
the monzoniie. 

It is therefore believed that the depositing 
solutions were hot, waters asceuding in the mon- 
zonito on a fissure system formed very soon 
after its consolidation, while the rock was still 
hot. The ultimate origin of these wafers can 
not bo proved from the evidence available, but 
it is believed that they were, iu part, at least, of 
magmatic origin, and that the precious me til Is, 
the lead and the copper, came from the magma. 
It is not impossible that some of the silica and 
the barium were leached from the monzonito, 
hut there is no definite evidence of it. In fact, 
during ti e general alteration of the monzonito 
little silica appears to have been lost, and in 
part the rock lias certainly been silieifiecl. 

The depositing solutions were then probably 
hot wa tors rich in silica, hydrogen sulphide, and 
various mctallicsulphides. They also contained 
carbon dioxide. The e.xtensivosericitization in 
the monzonito suggests that they may also have 
contained potassium. In tho monzonito the 
heat was considerable, and comparatively little 
galena or ennrgite was deposited, the ore bodies 
consisting chiefly of quartz and pyrite. As the 
waters ascended, their circulation was in part 
impeded by overlying clayey and tuffaceous 
volcanic rocks, and they were forced northward 
horizontally along certain open passageways; 
they deposited their copper minerals first and 
then the lent! minerals in successively cooler 
zones, until their silica and their metallic con¬ 
tent became, exhausted. At the same time 
they became enormously enriched in carbonates 
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of magnesium and calcium. Dolomite, being 
less soluble, was deposited in fractures sur¬ 
round big the ore zone. In the peripheral parts 
of the district, dolomite and calcito, with some 
galena and zinc blende and only minor amounts 
of quartz, were the only minerals deposited. 
The order of deposition, with respect to the 
monzonito contact and the relations of the 
different minerals to one another, are shown Ln 
ligure 24. 

The relations of the solutions to the igneous 
rocks are mostmteresting (p. ISO). Tire porous 


placed by ore. At most, the rork became 
altered by the development of sen cite, caloite, 
and pyrite. 

FUTURE OF THE DISTRICT. 

Prospecting and development at Tintio have 
always been difficult and expensive, for tbe ore 
is confined to certain zones of deposition sepa¬ 
rated by long stretches of barren ground, and 
in each zone tho ore bodies may be disposed 
without much regularity or continuity. The 
latest great developments have been in the 



monzonito was easily penetrated, but the lower 
tuffnceous beds of rhyolite and latite-andesito 
proved almost entirely impermeable except for 
a little hydrogen sulphide which produced an 
impregnation of pyrite in the lower part of 
these rocks. 

Tho Swansea rhyolite porphyry was attacked 
in places, but wherever this rock or monzonito 
porphyry or rliyolito occurred as dikes in tho 
sedimentary rucks the selective activity of tho 
solutions favored the limestones to so great a 
dogreo that practically no ore was formed in tho 
igneous rooks, though, tho surrounding lime¬ 
stone or dolomite may have been entirely rc- 


Iron Blossom zone, and at present tbe more im¬ 
portant explorations are being directed north¬ 
ward from tho Gemini and Chief mines. 

All tho valuable ore zones between tho 
Gemini and the Iron Blossom have probably 
been discovered. West of the Gemini zone 
there is little encouragement, tho unfavorable 
formations soon giving place to tbe still more 
unfavorable quartzite. Tho character of min¬ 
eralization shown at a few places in the 
workings of this area indicates that the 
solutions were weak, cooled, and largely de¬ 
pleted of them metal content. Extensive cross¬ 
cuts have been driven in the region west of tho 
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Eureka Hi!l and Centennial mines, without 
success. An extension of the Gemini zone 
south of the Centennial mine, which sit one 
timo appeared very probable, seems to have 
been definitely disproves! by the explorations 
in the Opex mine. 

The exploration northward from the Gemini 
mine in the deep levels seems promising, and 
new ore bodies will doubtless be found here. 
It is possible that in these deep levels below 
the water level the Gemini ore zone will be 
found to continue northward toward the Pax- 
man shaft and perhaps toward the silieitiod 
areas north of Packard Peak. If ore is found 
here, especially primary sulphide ore, it will 
probably be rather low in silver. The con¬ 
nection of the Grand Central with the Cen¬ 
tennial Eureka mine is also established, and 
hence the path followed by the solutions from 
the Mammoth to the Gemini ore zone is known. 
It. is unlikely that in the southern part of the 
Mammoth zone many new ore bodies will be 
found by lateral exploration, except perhaps in 
the northeastward-trending fracture system of; 
the Ajax and Gold Chain region. The inter¬ 
val between the Mammoth and the. Godiva 
zone has been explored, with no success. In 
the long Sioux Ajax tunnel no mineral-bearing 
fissures wero discovered, und explorations for 
1,800 feot to the northeast of the Eagle aud 
Blue Bell shaft have exposed very little ovi- 
dence of mineralization. On the other hand, 
the deep workings in the Eagle and Blue Bell 
and Chief mines are encouraging, and tho area 
north of the Chief mine and north, of the 
Eureka town site offers some promise of ore in 
depth. In this area there is some evidence of 
mineralization on the surface near the Pa.xman 
mine, but no ore bodies have been found near 
the surface. It is likely that the ore, if present, 
will be found at a considerable depth. 

The north end of the Godiva zone, where the 
limestone sinks below the rhyolite, merits more 
exploration than has been given to it, even if 
the silver content of the galena is lower here 
than elsewhere. 

Tho Iron Blossom zono still contains large 
bodies of low-grade ore, and lateral exploration 
has disclosed several parallel veins, but they arc 
not as valuable as the main shoot. The fissiu-e 
veins in the southern parts of the Godiva and 
Iron Blossom zones havo not proved very 
remunerative. North of the Beck Tunnel I 


mine much effort has been expended iu at¬ 
tempting to find the northerly continuation of 
the ore bodies. Probably no large ore bodies 
exist here, for the solutions seem to have 
been diverted on cross fractures, close to 
the Beck shaft, to the Godiva zone. On the 
other hand, little exploration has been under¬ 
taken to the enst below the rhyolite, and it is 
possible that some of the solutions were di¬ 
verted in this direction. 

There is, in fact, room for an easterly oro 
zono east of tho Iron Blossom zone, under¬ 
neath the volcanic rocks, though the devel¬ 
opments so far undertaken from the Iron 
Blossom zono have not been encouraging. 
The future of the East Tintic district is dis¬ 
cussed on pages 253-254. 

Exploration in depth in the monzonite area 
has been retarded by the high level and great 
volume of the water. If, as proposed, this area 
is unwatered by a tunnel from Goshen Valley a 
considerable number of veins will doubtless bo 
found, some of which may well prove remuner¬ 
ative. The tunnel would have an elevation of 
about 5,000 feot at. tho portal und, with a grade 
of 1:300, would strike the Sunbeam mine about 
1,440 feet below the croppings. 

On the other hand, exploration in depth in 
the sedimentary area has been facilitated by 
the deep water level. The proposed tunnel 
would strike, mines in the sedimentary zone 
high above the water level und would therefore 
help mainly by lessoning the height to which 
the water would have to be pumped. 

Exploration below known ore bodies has not 
been universally successful in the district. Few 
ore bodies have been found in depth in tho Iron 
Blossom and Godiva zones. Tho Mammoth 
has low-grade oro close, to the water level, and 
in the Eaglo and Blue Bell and Chief mines 
the ore bodies have recently been found to 
extend below the water level. Along the 
Gemini zono very encouraging results have been 
obtained to n depth of 250 feet below water 
level, but it is manifestly more than could be 
expected of a single mine to handle the great 
amount of water, for any one deep mine in this 
vicinity will probably drain most of the water 
in the neighboring properties. 

If tho hypothesis outlined above (p. 183) as to 
the lateral movement of the depositing solu¬ 
tions from the monzonite area nortlnvurd is 
true, it is not likely that tho ore will continuo 
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indefinitely in depth. The ore bodies in the 
deep levels of the Gemini and Chief mines arc 
probably caused by the damming influence of 
the impermeable rhyolite blanket, which here 
rests on tho limestone nt comparatively low 
altitudes. The solutions could not rise freely 
toward the surface, hence under the impelling 
force with which t hey ascended in the hot mon- 
zonito they would bo guided northward in the 
upper shattered zone of the limestone until, 
cooled and mingled with surface waters, they 
hud deposited thoir metallic load. 

The steady and long-continued production 
of the district Inis in part been caused by the 
discovery of new ore bodies, but in large part 
also by successive workings of the same ore- 
bodies. At first only tho richest ores were 
extracted. Later, when the charges for treat¬ 
ment declined, the old stopcs, most of them 
still open in tho hard jasperoid or limestone, 
were reworked and ore of lower grades taken 
out. At the present time there are in many 
of the mines largo reserves of ore of u gross 
value of 85 to $10 a ton, for which a cheap and 
effective process of reduction is now sought. 

Tho probabilities favor tho view that the 
mineralization will be found to continue to 
great depths in the nuinzonitc area, for the 
solutions appear to Yiavo ascended in that 
vicinity. Owing to the indicated lateral move¬ 
ment of tho solutions in tho sedimentary area 
it is possible that in some mines in this, the 
main part of the district., the mineralization 
will be found to ceaso before great depth is 
attained. 

mines, in the sedimentary formations. 

GEMINI AND RIDGE AND VAX LEY MINES.' 

Locution ,—Tho mining properties owned 
by the Gemini and tho Ridge and Valley 
mining companies urc under one management 
and are operated from tho Gemini shaft. 
They constitute one of tho most important 
mines of tho district aud ono which, though 
having had its greatest production in the earlier 
years of tho district, is far from exhausted. 
Tito cluims extend in a geuerul northerly 
direction and lio north and south of Eureka 
Greek, «t tho west edge of the town of Eureka. 

* To,vftf . W„ Jr,. <u»| finith, a, o„ op. r |L, pp. W4-737. Hnlkm, 
V. c., fUtih mitio roporUJ: IT, S. C'cmj] Suivov Mimtnil KANourr-M 
WUS-U'IJ. 


They cover a total distance of 2$ miles, but 
the principal producing section lies north of 
the shaft. 

The mine has for ninny years been operated 
by members of tho McChrvslul family. Much 
information has been obtained from Messrs. 
Jackson C. and John H. MoChrystal. 

Dc wiop rn rrd . —Th e Gemini vertical shaft 
is sunk on the north bank of Eureka Creek 
about 100 feet abovo it, at an altitude of 6,167 
feet- Its depth is 1,650 feet, the lowest level, 
No. 16, being turned at ft depth of 1,644 feet. 
The levels extend mainly n little east of north, 
level 16 having reached about 1,700 feet north 
of the shaft. Tho developments south of the 
shaft reach to the Bullion Beck line, a distance 
of about 700 feet. Levels arc turned at 100- 
foot intervals, but tho upper levels nro not 
worked now. On level 14, which is 1,444 feet 
below the collar, a long crosscut eastward 
connects with level 16 of the Chief mine. 
From level 16 a winze 300 feet deep has been 
sunk on the Gem channel to a few feet below 
level 19, which is thus t ho deepest, level in tho 
mine. Since 1911 most of the work has been 
done op levels 14, 15, and 16. 

Production. —The total production of tho 
Gemini mine Lius never been mado public. 
Vy> to Stovtv&W V3, 1<J14, hwd 

been paid in dividends, so that it may he 
fair to assume that tho value of the total 
output is about $10,000,000. The production 
of the Ridge and Valley mine, which includes 
the most northerly ore bodies, has so far 
been small, and the ore tonnage has been 
less than that of tho Gemini mine. 

A little gold and copper and zinc are cred¬ 
ited to the mine, but the principal output is 
in lead and silver, and it is probubly not an 
exaggeration to say that all the ore extracted 
has assayed on tho average about 10 per cent 
of lend and 40 ounces of silver to the ton. 
According to unofficial statements the annual 
ore production during the last few years has 
approached 2.3,000 tons. 

Wallr. —The water level was found at level 
16, at an altitude of 4,813 feet. After a winze 
had been sunk to level 19 the water was held 
there by electric pumps lifting 300 gallons a 
minute, or 432,000 gallons in 24 hours. The 
water is now stationary at level 16 at the winze, 
at an altitude of 4,835 feet. About 20,000 
gallons a day of seepage water is dumped in 
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this winze without affecting the water level. 
Most of the levels are entirely dry, but some 
water is met in the Gem or westerly channel 
on levels 14 and 15, so (lint levels 13 to 16 
arc very wet in this part of the mine. 

Crcolofjy. —Most of the workings are in the 
Bluebell dolomite, which consists of heavy 
beds of dark-gray, rather fine grained rock. 
On the surface the Bluebell dolomite occupies 
nil area about 1,200 feet wide from east to 
west. In the northern part of the mine and 
on the lower levels the strike, is N. 20° W. 
and the average dip is 78°-82° E. On the 
surface nt. the shaft the strike is nearly north, 
and farther north about N. 8° E., so that the 
underground observations indicate an easterly 
twist. Exact measurements of dip and strike 
are possible only at a few places in the mines. 

The ore-bearing fractures extend a little, 
oast of north, closely following the stratifi¬ 
cation. Much more prominent than these, 
however, is a strong -system of easterly “cross 
breaks"; these fractures are observed in ail 
ports of the mine and ore more abundant 
than in the Bullion Beck mine on the south. 
Most of them dip 55°-70° S. and strike from 
N. 70° E. to S. 70° E. Beginning at the slmft, 
the cross breaks are spaced 100 or 200 feet 
apart. The so-called “main cross break” 
lies about 450 feet north of the shaft on level 
IS. In the extreme north end of the mine a 
few fractures intersect the trend of the ore 
bodies, striking S. 50° E. and dipping 75° 
SW. None of these cross breaks find expres¬ 
sion by faulting on the surface. Fractures 
striking N. 30° W. also occur but nrc not 
common. 

flkyulile .—Dikes of “ porphyry” nrc found at 
several places in the mine, and on the surface 
the flow of Packard rhyolite reaches almost to 
the shaft. (See PI. I, in pocket.) These dikes 
are probably all of rhyolite, though they are 
usually so clayey and decomposed that their 
nature can not be definitely recognized. 
Tower and Smith 1 state that on level 3 about 
200 foot north of the shaft there is an easterly 
fracture 10 feet or more wide in which angular 
fragments of limestone and rhyolite were found, 
mid a similar occurrence was found on level 11, 
300 feet north of the shaft, On level 6, about 
1,000 feet south of the shoft, they found u 10- 


foot dike of rhyolite striking northeast and 
dipping 85° SE. They also found in the 
workings 300 feet east of the shaft on levels 
6, 7, and 8 a definite northward-trending con¬ 
tact between rhyolite and limestone and were 
inclined to regal'd the contact as a talus slope, 
because the two rocks arc separated by a zone 
of broken material 10 to 20 feet wide. The 
present writer examined two of these places on 
levels 6 aad 7, hut. considers the evidence of 
talus doubtful. During the present examina¬ 
tion rhyolite was found on level 16, 1,300 feet 
north of the shaft, adjoining ore and limestone 
in the Tank channel. The soft clayey mate¬ 
rial, which contains some pyritc and gypsum, 
is probably rhyolite. It is about 8 feet, thick. 

Ore bodies .—No outcrops of ore arc seen at 
the surface. Close to the shaft is an outcrop 
of allored and rusty limestone which is consid¬ 
ered to represent the Tank channel. Further 
north, near the Ridge and Valley shaft, some 
silicified limestone is observed at the surface. 
The only ore found above level 1 was in small 
hunches following N. 5°-10° W. fractures. The 
first large ore body was opened on level 5. oust, 
of the shaft, and other bodies have boon found 
on all lower levels dowu to the greatest depth 
attained, or 1,900 feet. (See PI. XXX If.) 

As shown on Plate XXXT the ore occurs 
along four distinct and parallel liues which 
closely follow the stratification, striking X. 15° 
E. and dipping S0° E.; these are from west to 
east the Gem, Intermediate, Tank, and Red 
Bird channels, and for the most part they lie 
within a width from east to west of 750 feet. 
The ore bodies are irregularly distributed as 
lenses or pods along these fines, us is well 
shown in the composite cross section (fig. 25). 
The. upper ore bodies were found mainly near 
the shaft, but. in the lower levels a tendency 
has been shown to a northerly pitch, so that 
the present ore bodies on the Tank and Gem 
channels lie 1,000 to 1,700 feet north of the 
shaft. Although the ore bodies thus in the 
main follow the beds, there are many places 
where they break away along fissures; where 
they take to the easterly cross breaks they 
form a connection between two of the ‘‘Chan¬ 
nels.” This is well illustrated on a diagram 
of the upper levels (PL XXXI). 

The ltcd Bird and Tank channels are 
strongly dovelopod on lovols 6 and 7 near the 


> Tcwer, G. W., Jr., and Smith, 0. O., op. fit., p. 7U7. 
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shaft. The oro bodies aro as much as 30 foot north of tho shaft on the Intermediate and 
wide and continuous for soveral hundred feot; Tank channels, but some ore‘shoots have also 
they begin on the Rod Bird south of the shaft, been found on the Red Bird channel 900 feet 
then take a cross break and go over to tho Tank, north-northeast of tho shaft. On levels 14, 15, 
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which they follow for 1,000 foot as lenses sepa- | and 16 most of the ore bodies lie from 1,000 
rated by barren stretches. On levels 8 ami 9 to 2,000 feet north of tho shaft on the Tank and 
on tho Rod Bird isolated ore bodies continue as Intermediate channels and pitch to tho north, 
far north as on levels 6 and 7. On levels 10 They range in width from a fov foot up to 35 
to 13 tho oro bodies lie mainly for 500 fcot foot and at many places turn and follow cross 
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breaks. Some of them are continuous for 200 1 have been worked twice. In the earlier 
feet., but many of tho smaller bodies are pipos I years only the richer parts were extracted, 
with elliptical cross soction. At one place on J and there remained much poorer ore that 
level 14 throe such pipes, each about 
6 foot in diameter and surrounded by 
limestone, were noted in triangular 
arrangement within a circle of 25 foot. 

The Red Bird channel contains few 
ore bodies on love) 14, tho lowest level 
on which it has thus far boon opened. 

Tiro Gem channel first appoars in 
the mine on level 13, although it has 
been mined at considerable higher 
levels in the Bullion Beck and Eureka 
Hill mines. In this mine the Gem 
channel presents some very peculiar 
characteristics. The ore began along 
a break following tho bedding about 
1,300 feet north of the shaft above 
level 13, and from this point the ore 
was followed down in lenses and pipes 
to level 19. Tho approximate outline 
of this shoot, iu longitudinal projec¬ 
tion, is shown in figure 26. The ore 
ranges from a few feet to 50 feet in 
width and is very irregular, though as 
a whole parallel to the fissure, which if 
here trends N. 20° E. On levels 13 
and 16 the ore bodies lie nearer to the ® 
shaft and iu part connect on cross * 
breaks with the Intermediate channel, m 
T ire Gem ore bodies lie in a dark- § 
colored dolomite, which along the o 
channel lino is irregularly converted to | 
a black jnsperoid. The ore is oxi- s 
clized only in part, though this partial % 
oxidation descends below the water ~ 
lovel at about 1,650 feet below the 
collar of the shaft. The Gem channel 
is very wet for 200 feet above the water 
level, but in other parts of the mine 
the ore bodies are nearly dry. 

Ore supply .—Like most of the other 
mines of the Tintic district, tho Gemini 
mine rarely has large bodies of ore 
opened at any one time. Nevertheless 
it hus been a steady producer for many 
years. Tho occurrence of the ore in 
more or less isolated pods and pipes 
renders a great deal of intelligent 
development work necessary, and an ex¬ 
amination of tho mine maps suggests that 
the possibilities are far from being ex¬ 
hausted. Moreover, many of the ore bodies 



3 ' 



conditions 


i 

would yield a profit when 
smelting and transportation improved. For 
instance, in 1914 an old 8-foot stope on the 
Intermediate channel on level 14 was re- 


190 


GEOLOGY AND ORE DEPOSITS OE TI.N'TIC MINING DISTRICT, UTAH. 


opened and it was found that only the oxi¬ 
dized soft ore hud been removed which con¬ 
tained 30 per cent of lead and 20 ounces of 
silver to the ton; adjoining this was a body of 
black jusperoid with galena, several feet in 
width, which at. the later date proved profit¬ 
able. to extract. 

Ores and minerals .—The ore bodies occur us 
lenses, pods, or pipes along the fracture lines, 
most of which trend N. 10°-20° E. The 
thickness of the oro ranges from a foot or two 
lip to 30 feet or more, rarely 50 feel. The 
mineralization along tho fracture linos is 
marked by the irregular replacement of dolo¬ 
mite by gray or bluish jasparoid which con¬ 
nects tho ore pods along the strike of the 
fracture, though this silicificution is not. abso¬ 
lutely continuous. In many places the silicifi- 


silver to tho ton. Higher contents usuaLly in- 
dicato admixed silver chloride or rich sulpho- 
salts, such as pcarceite. 

Some lead stnpes from the Intermediate 
channel on level 14, in large part oxidized, 
yielded 30 per cent of lead and 15 to 20 ounces 
of silver to the ton. In the same vicinity were 
chloride ores with 6 to 7 per cent of lead and 75 
ounces of silver. Copper stains are not uncom¬ 
mon and aro derived from the oxidation of 
tetrahedrite, pearceite, or more rarely cnargito. 
Only one specimen of enargite was found; it 
caino from level 19. 

Zinc blende is found in the primary unox¬ 
idized ores, as small grains in jusperoid or as 
inclusions in galena. A small quantity of 
pyvito is generally present. Cerargyrite was 
abundant in tho upper levels, but specimens 
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1. l<ow-grsul<j oro shipped fnum (lump. 

2. Lead oro from level 11. 

3. Lead a:nl silver chloride ore from Red Bird channel. 

4. Hu ll sulphide oro in pipe on level 11 extending up from winze 19, Gem channel. 

5. Rich .sulphide ore in winze Btopu on level 1GJ, Gem channel, 
tt. Rich sulpiride oro from Gem chiiuuel ou level *17. 


cation extends n few feet beyond the. oro, and 
the silicificd rock is accompanied by sparsely 
disseminated galena and zinc blende. 

Tlie Gemini ores were oxidized in large part 
down to the water level, or about. 1,650 feet 
below the collar, but in the deeper levels the oxi¬ 
dation is only partial and much galena is seen 
on levels 14, 15, and 16. Tho ores are in tho 
main siliceous lead ores. The ganguc is fine¬ 
grained bluish gray flinty jusperoid, replacing 
dolomite and usually cont aining small plates of 
halite. 

'I he ore ot lower grades that could be mined 
in 1911 had a minimum value at the mine of 
about S10 a ton and contained .14 to 15 ounces 
silver to the ton and 4 to 6 per cent of lead. 

Galena and cernsilo, with more or less 
unglesito, aro the principal lead in inorals. Tho 
uvorugo galena contains 30 to 40 ounces of 


woro found oven in lovel 17. Tower and Smith 
mention crusts of horn silver a quarter of an 
inch thick from the upper levels. Native silver 
is not. uncommon, and wire silver with ccrusito 
was noted in specimens from level 19—that is, 
250 feet below water Icvol. 

The primary lean ore of the three easterly 
channels consists of blue or gray jasporoid, 
locally banded, in which are disseminated 
small grains of galena, zinc blende, and pvrito 
(PI. XIX, B, p. 156). Cavities in this ore are 
coated with white fine-grauiod quartz, at tlie base 
of which galena is often deposited in abundance. 
More or less barite is present but is rarely con¬ 
spicuous. The oxidized ore is a soft and honey¬ 
combed mass of silica, corusite, anglesite, etc., 
with small amounts of limonile. 

Some of the lead stopos are adjoined by 
bodies of oxidized zinc ores, some of which 
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have boon shipped. This zinc ore usually 
replaces limestone outside of the siiiciiied zone, 
and tho material of shipping grado averages 
about 30 per cent of zinc. 

Tho oxidized zinc ores have been found to 
some extent below level 12 and on level 13 
but have for. the most part been mined from 
levels 14 to 16, in both the Gemini and the 
llidgo and Valley mines. The western (Gem) 
channel has thus far yielded practically no 
zinc ore. Small pockets of high-grade ore have 
been found along it, but no body of promising 
size has been opened. The middle (Liter- 
mediate) and eastern (Tank) channels both 
contain considerable bodies of zinc ore uiul 
have together yielded tho total amount shipped. 
Tho zinc ore ns n rule forms casings around the 
lower parts of the load-silver slopes, the great¬ 
est concentration being on tho foot wall side 
(fig. 23, G, p. 172). Tho ore also follows fissures 
aiul bedding planes for short distances away 
from the lead-silver stopcs, but none lias been 
found at any considerable distance from the 
lead-silver stopes. 

The gray and brown types of ore wore noted 
in stworul different stopos, and some black ore 
was seen in the lowest, on tho 1,600-foot level 
of the Ridge and Valley mine. The fibrous 
botryoidal, cellular, and dmsy smithsonite and 
tho drusy calamine are said to have been 
widely distributed along fractures in ore now 
sloped out. 

The ore of the Gem channel in this mine is 
very peculiar and suggests a sulphide enrich¬ 
ment. The Gem channel has been worked in 
this mino only below Jovcl 13, but from that level 
the ore bodies were continuous down to level 19. 
On levels 14 and 16 the ore contains mainly sul¬ 
phides, partly oxidized. Similar conditions 
existed below tho water level down to level 19, 
according to statements by Messrs. McChrystul. 
which were substantiated by examination of a 
suit-e of specimens from the lowest level. 

The ore, which is described in more detail on 
page 177, is contained in a breccia of jasperoid 
and dolomite and consists of gulenu, zinc blende, 
marcasite, and pcarceite (or a closely related 
mineral). It is rich in silver and averages in 
the Gem channel 15 per cent of lead and 50 
ounces of silver to the ton. Analyses of sepa¬ 
rate lots of ore are given in the above tuble. 
Assays of selec ted pieces gave as much as 2,000 
ounces of silver to tho ton. 


bullion beck mine. 

Location and development .—The Bullion Beck 
mine, one of the oldest in the district, lies be¬ 
tween the Gemini and the Eureka Hill. It is 
now owned by the United States Mining Co. 
The mine has been worked from 1S82 to the 
present time, although since 1011 the opera¬ 
tions have been on a small scale and mainly 
curried on bv lessees. 

Tlie mine is opened by u vertical shaft close 
to Eureka Gulch below the town of Eureka, at 
an altitude of about. 6,360 feet. The depth is 
1,300 feet, and a winze from tho deepest level 
roaches 200 feet below the bottom of the shaft. 
The shatt and winze were dry at the time of 
visit. Some water enme in from 100 to 1,100 
feet, below the surface and in 1911 a little water, 
probably from a pocket, was covering the deep¬ 
est level. 

The developments are extensive on all levels, 
hut little, work was being done in 1911 below 
level 5. The drifts extend about 600 feet north 
of the shaft nnd 1,200 feet south of it and con¬ 
nect. on most levels with both adjoining mines. 
The total length of drifts nuiomit-s to at least 
10 miles. 

Production .—The production of the Bullion 
Beck mine has never been made public, but tho 
total dividends paid are said to amount to 
■52,768,100. which is somewhat more than has 
been paid by the Gemini mine. If it is assumed 
that one-fourth or one-fifth of the gross pro¬ 
duction has becu paid in dividends, the total 
value of the output may bo estimated ut 
513,000.000 or 814,000,000. The totnl ton¬ 
nage is not large, certainly not over 400,000 
tons. Some gold and copper have boon pro¬ 
duced—in fact, considerably more than in the 
Gemini mine—but the principal metals are 
silver and lead. The ore has varied greatly in 
richness hut is on the whole a siliceous loud ore 
probably averaging 30 ounces in silver to the 
ton and about. 15 per cent of lead. 

Geology .—The Quaternary deposits of Eureka 
Creek cover the outerojis of the rocks in large 
part, hut enough is shown to indicate that the. 
notable northeasterly fault that extends ob¬ 
liquely across Eureka Creek pusses almost 
through the shaft. Drifts to the north pass 
into the Bluebell dolomite; the southward 
workings reach into the Opex dolomito und 
Ajax limestone, cut by scvornl minor oust- 
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northeasterly faults. Underground, the differ¬ 
ent formations arc difficult to recognize without 
long and detailed study. 

The strike of the beds is in general a few de¬ 
grees west of north, and the dip is either ver¬ 
tical or very steep to tho south. The influ¬ 
ence of the strong northeasterly fault, along 
which the southern block lias moved about 
1,000 feet northeast and has become greatly 
fractured, is not markedly shown in tho dis¬ 
tribution of the ore bodies, and the fault itself 
is not conspicuous in the mine; it is probably 
the oldest dislocation and at the t ime of mineral¬ 
ization was completely healed. The rocks 
north of the shaft are fresher and harder, show¬ 
ing good bedding and no disturbance, but for 
100 foot south of the shaft the limestone, on the 
upper levels at least, is greatly broken and the 
becldiug is indistinct. 

On level 13 tho rock south of the shaft is 
hard and fresh and the disturbed ground ap¬ 
pears on the north. From these relations it 
would seem probable that the fault plane dips 
steeply northwest. 

Tho easterly fractures which so commonly 
influence the ore in the Gemini and tho Eureka 
Hill are. not conspicuously present in the 
Bullion Book. 

Ore bodies .—Tiro ore bodies in general follow 
northerly fractures that closely or entirely co¬ 
incide with the bedding planes, but these frac¬ 
tures are rarely marked by conspicuous dis¬ 
placement. in general the three principal ore 
zones of the Gemini, which, from west to east 
are culled the Gem, Tunk, and Tied Bird chan¬ 
nels, continue into tho Bullion Beck ground and 
may be said to unite south of the shaft, at the 
same time bending to a south-southeasterly 
direction. 

During the visit to the mine in 1911 the 
opportunities for studying the ore bodies were 
poor because many levels were inaccessible 
and little ore could be seen. To the north of 
tho shaft tho ore occurs more in isolated lenses 
or pods along tho three “channels,” as in the 
Gemini mine. The greatest ore bodies arc 
found to the south, between the Bullion Beck 
and Eureka Hill shafts, and these are described 
in the section on tho Eureka Hill mine, as the 
lhic between the two properties almost parallels 
the extension of the ore. 

No outcrops are visible on the property. Tho 
uppermost ore bodies begin at a depth of 100 


or 200 feet immediately below the detritus. 
The largest bodies were on levels 4,5, and 6. In 
the deepest levels no large bodies have been 
found. 

The ores follow in part northerly fractures, 
in part those trending N. 10° W. or N. 10° E., 
or more rarely northeasterly or easterly cross 
breaks. It is in places difficult to decide 
whether the ore follows the stratification planes 
or an obliquely intersecting fracture. North 
of the shaft tho ore bodies occur within a- dis¬ 
tance of about 600 feet east and west, but 
south of the shaft, where they turn to a south- 
southeasterly direction, they occupy a width of 
only 250 feet. In this mine the two principal 
channels, corresponding to the Gem and the 
Tank of the Gemini mine, are known as the 
Silver Gem and Eureka Hill channels. Both 
of these contii;ue into Eureka Hill and Ccnten- 
nialEurekaground (fig. 28, p. 195). Thegreat.- 
est ore bodies lie between the two shafts and 
are formed by the merging of the Silver Gem 
and Eureka Hill channels, whieh here seem to 
follow a N. 35° W. fracture with numerous 
offshoots. In the lower levels the two chan¬ 
nels are again distinct, but much of the ore is 
localized in chimneys. One of these chimneys, 
as stated hv Tower and Smith, 1 lies at the north 
end of the Bullion Beck property and has been 
followed to a depth of 1,200 feet; it is about 30 
feet in diameter and pitches south at an angle 
of 70°. In 1915 it was reported that a large 
body of mixed sulphide ore was being mined 
from the 1,300-foot level north, carrying 15 
per cent of lead, 15 per cent of zinc, and 8 
ounces of silver to the ton. 

• The ore .—The siliceous silver-lead ores of the 
mine were largely oxidized, but residual galena 
began to appear on level 4. South of the shaft 
the ore contains a small amount of gold, say 
0.02 ounce to the ton, and a little copper ore 
containing some arsenic has been shipped from 
the Gem channel. A little zinc ore occurred 
on level 9, und some shipments contained as 
much as 10 per cent of zinc. Otherwise tho 
mineralization is entirely similar to that of tho 
Gemini mine. 

EUREKA HILL MINE. 

Location and ownership ,—The Eureka Hill 
mine, one of tho oldest and most productive 
mines of the Tintic district, is o:i the south 


' Tower, G. W„ jr.,anil Smith, G. O., op. cil.. p. 723. 
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side of Eureka Gulch just below t-lie town of 
Eureka ur.d almost clue south of the Gemini. 
In 1911 work by the com jinny hud practically 
ceased, though the levels were still open and 
lessees were operating on several of (bo upper 
levels. The. mine, which is owned bv the 
estates of Justice Field, George E. Whitney, 
Jolui A. Packard, Joseph Packard, and Jonh 
Laurence, has been worked for many years 
under the direction of the late G. W. Riter, who 
kindly furnished much valuable assistance and 
information. 

Production .—The mine has a large output, to 
its credit, principally of silver and lead, and the 
beginning of its productive period dates back to 
1S77. The toiuiago of ore is of the same 
order of magnitude as that of the Gemini and 
Bullion Beck mines but is probably larger. 
The total gross value of the ore muy ho esti¬ 
mated as between *10,000,000 ar.d *15,000,000. 
Some copper anrl gold has been produced but 
no junc. The tenor of tho ore has varied 
greatly, but tho average has been about 25 
ounces of silver to the ton and 7 to 10 percent 
of lend. 

Development .—The mine is opened by a 
vortical shaft 1,520 feet deop and having 
altitude at tho collar of 6,176 feet. There are 
about, fifteen levels extending north and south 
and about 11 miles of development work. Tho 
lowest level now accessible is 1,100 feet below 
tho collar. There are signs of water on the 
1,500-foot level and small seepages at other 
places. 

Geology. —Tho country rock of the deposit is 
tho dark-gray or bine dense Ajax limestouo 
(PI. I, in pockot). Along tho center of the 
claim runs tho "creamy lime/' so designated 
by G. W. Rifcer, a characteristic stratum 22 feet 
wide, breaking with vellowish-white color and 
evidently identical with the Emerald dolomite 
member of tho Ajax limestone. To the west 
of this some of the workings enter the Opcx 
dolomite. The strike of tho limestone beds is 
N. 10°-i:i° W. and tho dip about 87° W. No 
igneous rocks of any kind are found in the 
niiue. This mine contains several small oaves. 
Ono on level 3 described by Tower and Smith 
is said to have been Idled with horizontally 
deposited bnnded quartz and lead carbonate 
and thus might have been filled during the 
primary mineralization. If so it is tho only 
lOiHo-V—1»-13 


clear instance of such an occurrence in the 
district. Other caves are distinctly post- 
mineral and filled by horizon tally stratified 
cavo earth.’ 

liovol 2 at one place runs into detritus of 
Quaternary or Tertiary age with boulders of 
limestouo, rhyolite, and, according to G. W. 
Rifer, ore. 

Outcrops .—The deposit shows one line of 
well-defined outcrops along its custom ore 
zone, which follow the ridge erest leading up 
to the Centennial Eureka mine, at altitudes of 
6,600 to 6,900 foot. These outcrops have boon 
mined throughout their extent; tho open slopes, 
which have a maximum width of 15 to 20 feet, 
are still visible. They contained an oxidized 
lead ore with limonite and honeycombed fine¬ 
grained quartz or j as pen) id; higher up on the 
hill along this outcrop zone oxidized copper 
ores seem to prevail, also with limonite and 
some black manganese dioxide, in part crystal¬ 
lized. Tho copper ore contains malachite, 
azurite, and some arsenates. Tim surrounding 
limestone is pract ically unaltered. From north 
to south tho ore body shows several small 
offsets to the east. Both in the load and in tho 
copper sU>pes some of those offsets contained 
ore. 

Occurrence of (he ore .—As the side line 
separating tho Eureka Hill and Bullion Beck 
mines intersects the principal ore bodies it will 
be necessary to consider the Bullion Beck 
mine to some extent in this description. 

The ore forms irregular podlike masses which 
extend along the general direction of the strati¬ 
fication hut in places jump on cross breaks to 
a different set. of beds. The ore undoubtedly 
follows fissures, which may not be strictly par¬ 
allel to tho stratification and which, outside of 
tho ore bodies, are inconspicuous and do not 
even contain linior.itc or quartz. On tho third 
level one of these fissures trends north and dips 
80° W. The fact that the fissures are so incon¬ 
spicuous suggests that no great premineral dis¬ 
placement has occurred along them, though in 
the absence of dikes or strata of distinctive 
characteristics such displacement would bo 
difficult to detect. On the tlurd level tho well- 
defined fissiue mentioned above shows stria¬ 
tic ns dipping 10°-20° N., indicating that the 
movement has been partly in a horizontal 


t Tawc-r, C. W.,Jr., anil Smith, O. O., op. clU, p. 7 ji. 
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direction. Fractures trending N. 35° \V. are 
prominent between the Eureka Ilill nnd Bullion 
Bock shafts and Imvo no doubt produced the 
decided norlh-nortinvestcriy trend of the ore 
bodies in this vicinity. 

The second feature that has an important 
influence on tho occurrence of the ore is the 
prevalence of "cross breaks.” These are well 
marked, in many places persistent; some of 
them live open. They range in trend from north- 
nortlieast to east-northeast, but some of them 
strike N. 30°-35° E. and dip fi5°-70° NW. 
One measured on the 1,100-foot level strikes 
N. 66° E. and dips 70° SSE. On this break 
were noted sliokcnsidcs with slriution dipping 
20° NE., again indicating a prevalence of hori- 
•/.ont.id movement. The cross breaks ure hculed 
in places by enleite. 

There is probably lit tic dislocation along these, 
cross breaks; it was thought by G. W. Riter 
that at one place the "creamy line” (Emerald 
dolomite) rofened to above is faulted 15 feel 
to the east. South of tho Eureka Hill shaft 
and up to the Centennial line the cast-north¬ 
easterly cross breaks ure numerous and promi¬ 
nent, and in [daces the ore follows them, thus 
connecting tho several" channels.” Tower and 
Smith state that at f hreo places on levels 7 and 
10 cross breaks were found wluch carried drag 
of ore and limestone and on which postmineral 
dislocation must therefore have occurred. 
Such occurrences were not observed during tho 
present, investigation. The uortheasterly fault, 
which, as shown on the map (PI. 1), displaces 
tire Emerald dolomite at a point 300 feet south 
of the Eureka Ilill shaft, is not plainly visible 
underground and, like the great Eureka Creek 
fault, has little nr no influence on the ore. 
This dislocation was probably completely 
healed before the. mineralization. 

Ore bodies .—The Cioni, Tank, and Red Bird 
channels of the Gemini mine enter Bullion 
lieek ground, and, from a series of detached 
podlike ore bodies, coalesce to a large body 
south of the Bullion Beck shaft. Large masses 
of ore were mined here on levels 4, 5, and 6, 
and the trend is north-northwesterly. South 
of the Eureka Hill shaft there are again two dis¬ 
tinct “channels,” here called tho Gem and 
Eureka Ilill, and another, perhaps represent¬ 
ing the Red Bird, begins at the Eureka Hill 
shaft and continues with surface outcrops up to 


the Centennial shaft. On the whole, the Gem 
channel is the- most persistent, for it can he fol¬ 
lowed from the Gemini workings through the 
Bullion Beck, Eureka Hill, and Centennial 
mines. Some of the larger bodies between the. 
shafts passed across the side lino into the Bul¬ 
lion Beck workings* on deeper levels. 

The ore bodies form irregular podlikc- 
masses, which in places, especially at the 
south cud, are rudely tabular hut which rarely 
continue for more than a few hundred feet 
in depth. Figures 27-29 give n somewhat 
diagrammatic representation of their extent. 
The ore began in part at the surface south 
of the shaft, or immediately below the detritus. 



FlGUn>:27.— Section nt FOjth end of Eureka XI: 11 niln*, blowing Silver 
rjcTU and Eurata ere bodies and an CfUtWWBtl connect lug i<e bedy. 
(After Tower asd Smith.) 

and the greatest development of the bodies 
between the Eureka Hill and Bullion Beck 
shafts was on levels 4, 5, and G. In the 
southern part of the mine strong bodies 
along well-defined "channels” or ore zones 
are present on levels 6, 7, and 8. Some bodies 
continue to level 10, but below this level there 
is little ore or evidence of siliceous replacement. 

The largest ore bodies were found between 
the Bullion Beck and Eureka Hill shafts and 
were formed by the coalescing of the Eureka 
Hill nnd Gem channels. The Biliings stope 
had a cross section of 100 by 100 feet and 
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extended down to a point somewhat below 
level 6. The average ore contained 5 to q 
per cent of lead and S to 100 (or more) ounces 
of silver and $1 to $2 in gold to the ton. 
There was very little limonite and scarcely 
a trace of copper except near the bottom of 
the sfcope. In places the ore contained large- 
plates of barite. 

Near the shaft there are. comparatively 
few ore bodies, but toward the south end lino 
from n point about 1500 feet south of the shaft 
the several channels, here trending N. 10 u \\ . 
and connected by many east-northeasterly 
cross breaks, become very regular and pro- 



FIGURK2S.— Section between Kureka I1IH tus<l lluHi.ii, Dcek Svitls, 
showing Silver Gem oud Kuieka ore toOlc* Jolnliir. (Alter Tower 
and Smith.) . 


active on all levels above No, 9. These 
sveral bodies occupy a width from east to 
est of about 300 feet. . 

East of the New Year’s channel a little | 
ad ore lias been mined in the Robbins tunnel 
ear the surface. Otherwise the New Year's 
uvnnel is the most easterly luie of ore bodies, 
ad almost continuous surface workings have 
een opened on it from the Eureka Hill shaft 
p to the Centennial Eureka line. In the 
aver levels down to level 6 this channel has 
roved productive, though not uniformly so. 


The stones have about the same width as 
at the surface—that, is, not more than 20 feet— 
and they may be continuous for several hundred 
feot. 

On the Eureka Hill and Gem channels no 
ore has been found above level 3, but on levels 
3, 4, and 5 n strong lino of stopes begin on the 
Gem channel continued into Eureka Hill 
ground from the Caroline stopes of the Bullion 
Beck. The so-called Silver Gem stopes begin 
I a little above level 4 and, extending N. 10 c ' W., 

| become, very prominent on level 6, in which 
they extend in almost straight line for S00 
feet to the Centennial line; they are 10 to 30 
feet wide and near the south end line connect 
on two cross fractures with the Eureka Hill 
channel. These stopes do not reach level 7. 

On levels 7 and S a series of stopes lying 
halfway between the New Year's and Gem 
channels become very prominent about 700 
feet, south of the shaft, and a cross break with 
copper ore. near the south end line, connects 
them with the Gem channel on level 6 (fig. 
27). These stopes, which are in places 20 
feet wide, contain mainly copper ores. In 
some of the stopes galena is associated with 
cn&rgita and oxidized copper ore. Sonic sl opes 
of copper ore change along iho strike to lead 
ore; elsewhere lead ores and copper ores may 
bo found side by side in the same stope. 
Eot.h are primary ores and apparently were 
deposited at the same time. 

The largest of these, copper stopes is 150 
by 30 feet in horizontal section. It contains 
ore carrying 2 per cent of copper and 10 to 
20 ounces of silver and 0.25 ounce of gold to 
the ton. South of the boundary lino all three 
"channels'’ continue into Centennial ground. 

Type of nnntmlization .—The Eureka Hill 
mine has produced chiefly oxidized lead ores 
with some galena. It contains, however, 
especially in the. southern part, toward the 
Centennial Eureka, minor shoots of copper 
ovc, with which barite is associated. The 
principal mineralization found expression in 
siiicificntion, but this did not extend far from 
the ore bodies: a few feet away from a body 
of lead ore one may find solid limestone, and 

few feet, north or south of the ore lens the 
fissure may be hi massive limestone. 

The principal ore is formed by replacement 
of the dolomite and limestone by quartz, 
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witli a little barite and galena. This quartz 
is line grained or chorfcy, and much of it is 
dark gray. Irregular cavities contain white 
quart'/., and druses of minute quartz crystals 
may he seen in these cavities, hut no course 
quartz. 


There is not much zinc in the ore, and the 
residual galena from the deeper levels contains 
but little sphalerite. All the ore bodies are 
more or less completely' oxidized, ns the water 
level has not been reached in the shaft. Copper 
arsenates, ccrurgyntc, eerusite, and nnglesite 


Jn many of the copper 
shoots the mineralization 
spread away from the main 
body, hut this was proba¬ 
bly caused by the greater 
mobility of the. copper 
suits. In the same shoots 
there is some limonilo 
and black manganese ore, 
and in some of them also 
unoxidizod cnargito. 

The conclusion cun not 
he avoided that in this 
mine there are two kiuds 
of primary ore, The pre- 
d o min a u t silver-hearing 
type consists of quartz, 
galena, pyrito, and zinc 
blende; the subordinate 
type carries quartz, barite, 
and emirgiic. 

'Hu' ore. —Thi' ore bodies 
nro formed by the replace¬ 
ment of limestone or dolo¬ 
mite by gray or bluish 
jasperoid, containing 
barite, galena, and a little 
zinc, hlor.de and pyrito, 
more rurelyenargite. The 
silieifieation extended in 
most places a short dis¬ 
tance beyond the ore, but 
there are no large masses 



of jasperoid outside of 
the ore bodies. Numer¬ 
ous cavities looking ns if 
cuuscd by corrosion of 
the jasperoid are filled by 
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and which is also associated with galena, occur in abundance. Isolated occurrences of 


The central parts ot the largo shoots nro usu- leadhillite, pyromorphite, and miinotite have 
ally rich in silica and barite, but galena is been observed. 

more abundant along the margins, where The lead ores nro of basic or siliceous types, 
copper ores may also occur. Gold and copper and their composition is illustrated by columns 
are found in the southern purl of the workings. 1 and 2 in the following table, which also 
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giros in column 3 composition of :i rich lot. 
of oxidized copper ore: 


Composition of ores of Kurt in I/ill mine. 



1 1 

2 

3 

Gold. . 

.mimes per ton .. 0. 013 

0. (137 

0. 012 

Silver. 

.do . , .1 12.'JO 

21.-15 

1.67 

Lead. 

.percent.. 20.70 

5. 15 


Copper 

.dm... .77 


27. HI 

iron. . 

.do _! 17.50 

2. SO , 

7.30 

Insoluble . do _ 29.70 

75. 20 

is. 60 


1. At easterly rn>--; breaks on 500-l'oot level. 

2. Near station 70 cm 500-foot level. 

3. 1,000-loot level. 


mjn.es of centennial eutreka mining co 

Lorntwri- and development.— The property of 
the Centennial Eureka Mining Co., controlled 
by the. United States Smelting & Refining Co., 
comprises a number of consolidated claims ag¬ 
gregating 230 acres on the steep slopes of the 
ridgo about a mile southwest of the town of 
EuiTjka. The shaft is about 600 feet above 
Eureka Creek, on the north slope of tho ridgo, 
Tlio workings extend south underneath the 
narrow backbone of tho ridgo and connect in 
this direction with the Opex mino and i;i the 
deepest levels with the Grand Centrul mine. 
Toward the north the property is bordered by 
the ISuroka Hill ground, and connections with 
this mino are established in the levels of middle 
depth. 

The altitudes of the shaft collars on tho 
several properties already mentioned are ns 
follows: 


Gemini. 

Eureka Hill. 

Centennial Eureka.. 


Fee t. 

.. 6,-167 
.. 6,176 
, . 0,8S7 
.. 6,901 

Grand Cent ml. 


.. 7,1W 


Level 10 in tho Centennial Eureka corre¬ 
sponds approximately to level 7 in tho Eureka 
HiU. Level IS in the Centennial Eureka lies 
about. 40 feet, below level 22 in the Grand Cen¬ 
tral and tho 2,000-foot level in the Opex. 

Tho developments comprise at least 20 miles 
of drifts, raises, and shafts and extend mainly 
over a zone 400 to 800 feet wide for 2,400 feet 
south-southeast of tho shaft and 400 feet north 
of it. 

Tho doposit is opened by a vertical shaft 
having a total depth of 2,281 feet, penetrating 


to an altitude of 4,606 feet. Twenty levels are 
turned, Xo. 20 having an altitude of 4,671 foot 
end No. IS an altitude of 4,869 feet. A tunnel 
2,207 feet long from Eureka Gulch intersects tho 
shaft at a depth of .325 foot, or at an altitude of 
6,362 feet. 

P/vdudion .—Tho mine was first, opened in 
1876 but lias been more actively worked sineo 
18S6. It has been tho most productive prop¬ 
erty in the district and is distinguished by huge 
and continuous ore bodies rather than by high- 
grade ore. The principal metals produced are 
gold, silver, and copper, and the value of the 
total output is about evenly divided between 
tho three metals. The production of lead is 
small, and there is no zinc yield. Thu total 
value of the production Iras not been made 
public, but the dividends paid by the present 
company up to April 1, 1914, amount to 
84,050,000, The total production certainly 
exceeds 825,000,000. During the 10 years from 
1905 to 1014 the annual ore production hu3 
averaged about. 100,000 Ions, but since 1013 it 
lias declined to about 60,000 tons. The gross 
value of the ore was for a long timo about 830 a 
ton, but this also has been reduced in tho last 
two years. 

Waler. —The original water level stood 18 
feet below level 18, or at an altitude of 4,Sol 
foot, 2,036 feet below the collar. On level 20, 
which does not extend far from tho shaft, a 
strong flow of water was mot on a cross fracture, 
but this How is believed to be fed from one of 
the northward-trending frnot-urcs. In 191! tho 
water was bulkbendcd on level 20, and about 
1,000 gallons a minute was raised to tunnel 
level. In 1914 pumping had been discontinued, 
and the water level stood 75 feet below level 
18. The quality of the water is discussed on 
page 123. A considerable amount of dripping 
water is found on levels 10 and 11, high above 
the permanent water level. 

Geology .—Tho geologic features of this mine 
are complicated. Tho workings are in general 
in limestone or dolomite striking N. 5°-10° YV. 
and dipping 70°-80° E., as shown, for instance, 
200 feet south of tho shaft on level 10 or 800 
feet south of the shaft on level 11. 

From level 16 to level 18 south disturbances 
are. noted in tho dip. About 500 foot, south of 
the shaft on level 18.tho bedding becomes con¬ 
fused and is in places flat or horizontal; this 
was especially noted under the South Dakota 
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slope, which is the southernmost stopo in the 
mine.. Similar flat flips are found in corre¬ 
sponding deep levels in the Grand Central and 
Opex mines. 

The formations in which (lie ore is contained 
aro the Cole Canyon and Opex dolomites and 
the Ajax limestone, hut in the time available 
it did not prove possible to distinguish these 
formations in the mine workings. 

On the surface just south of the CenLonninl 
shaft there is n great northeasterly fault along 
which the southern block has been moved about 
200 feet to the northeast. No evidence of this 
fault bus (veil noted in the workings, the ore 
bodies apparently being entirely independent 
of it. It is therefore believed to he tlio oldest 
dislocation, which lias entirely healed before 
the. ore-bearing fractures were developed. In 
the northern part of the property there are four 
northerly fractures which the ore follows, the 
most westerly being the Gem channel, but these 
find practically no expression in the faulting of 
the strata, though one of them—the New 
Year's fracture -is clearly shown oil the 
surface. 

Two great, easterly fractures are very promi¬ 
nent in (lie mine and have had an important 
influence on the occurrence of the ore; they 
are designated the first and second cross breaks. 
Both dip 0S° S.; one maybe identicalwith the 
fracture shown on (lie surface west, of the shaft; 
the other is probably the cross fracture shown 
on the surface S00 feet southeast of the shaft. 
A third important fracture is the "cast limit,” 
a northerly fault. It is vertical between lovols 
5 and 10, hut somewhere between levels 10 
and 12 its course is interrupted by the second 
cross break, south of which it dips 67°-S0° W. 
from level 10 to level 18, its lowest exposure. 
This fracture is probably identical with the or.c 
shown on the surface 900 feet, east of the shaft, 
and the developments in the deop levels, is 
doubtless identical with the main “parting” 
of the Opex mine. It is certain that some post- 
mineral movements have taken place along the 
“east limit” and planes parallel to it since the 
ore was deposited. Probably there has also 
been some movement along the first and 
second cross hronks. 

Porphyry .—Several intrusions ef Swansea 
rhyolite porphyry are observed in the lower 
levels. None have been noted above level 12, 
and none have been cut on level 18. All arc 


in the northern part of the mine. One well- 
defined dike <3 to 10 feet wide, trending north¬ 
east, is exposed at several places on levels 12 
to 1(3 and is evidently connected with a. similar 
body in the Opex mine. Another dike 57 feet 
wide is cut on level 16 farther southeast, in 
the. crosscut connecting with the Grand Central 
mine, and also probably connects with a similar 
body in the Opex lower workings. A flat body 
of porphyry 12 feet thick has boon exposed by 
four raises from the most southerly workings 
on level 18, and this may possibly connect with 
the dikes mentioned to form a cup-shaped mass 
underlying the deepest ore body. 

Northern ore. bodies .—Tho occurrence of tho 
complex ana enormous ore bodies of the Cen¬ 
tennial Eureka mino is chiefly related to north¬ 
erly and easterly fractures. Beginning from 
the north the ore bodies follow the northerly 
fractures, which are dominant in the Eureka 
Hill, Bullion Beck, and Gemini mines and 
which in many places, hut. not everywhere, fol¬ 
low tho stratification planes. 

There are fivo of these northerly fracturo 
lines—beginning from tho west, the Gom, the 
Eureka Hill, tho Now Year’s, tho Big Platform, 
and the Never Sweat and “east limit.” Tho 
fust three continue from Eureka. Hili ground 
and lio within a space of 300 feet from east to 
west; the hist two make their appearance east 
or southeast of the shaft. 

Tho Now Year’s channel begins at tho shaft 
and continues north with conspicuous surfoco 
outcrops and open workings down to tho Eu- 
roka Hill shaft. (See p. 193.) The slopes uro 
at the most 15 feet wide and show westward 
offsets toward t.ho north. They continue down 
to level 10 or level 11. 

The Eureka Hill channel lies nboiit 100 feet 
farther west and contains a series of copper 
stopcs as much as 30 feet wide on levels 8 to 10, 
connected in places by ore on cross breaks with 
the Gem channel, wliich is 150 feet to tho west. 

The Goiu channel is continuous from tho 
Gemini mine and forms a system of lenticular 
ore bodies that strike a trifle west of north and 
are productive to a point 300 feet south of the 
latitude of the shaft. A long crosscut to tho 
Golden Ray and West Mammoth ground west 
on level (3 has apparently intersected tho 
Gem fractures but found no ore. The Gem 
channel is n fracture zone that is in places 100 
feet wide. Tho ore bodies, which carry both 
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copper and lead with silver and some gold, r through the North Dakota slopes, about ver- 
exlondod from level 6 t-o level II, but stringers tiddly below the saddle in the ridge south of 
were folio weil down to level 12. The ore, there- the shaft, whore its eastward extension is lim- 
fore, extends a littlo deeper here than in the ited by the northerly fracture called the “east 
Eureka fliil mine. limit.’' In the most southerly workings, in the 

Cal)jorum column .—The great, ore shoots of I South Dakota slopes, the ore reaches the see¬ 
the southern part of the mine (fig. 30) are duo j ond rross break and continues across it. The 
largely to easterly cross breaks. Tho northern- flattening in depth is caused by the local flat 





Fig vac 30 —Sectionib»wli»K approximate oullinea of of« hoi]ha aouib •( ibo shall ba 'Jw Ceau'or.ki Kut.k i mine. 
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nost groat shoot, which mny be called the 
California column, as it contains tho California 
tope, connects with the Gem stopes on level 
1 and then follows the first grout easterly cross 
,rcak downward, though not on its dip of 68° 
iut pitching about 45° southeast to tho Kun- 
j»s stones on level 14. From this point the ore 
raves the first cross break, flattens, and runs 
uorc nearly southward on levols 16 and 17 


dips of the strata, best shown on level i s, and 
apparently ulso by flat intrusions of porphyry. 
On tho whole this body forms a sou (Invest wurd- 
pitching pipe having a greatest diameter of 125 
feet; in depth, where the ore flattens, tho width 
is somewhat less, reaching n minimum of 25 
feet. . 

The fix’sl cross break is a very regular frac¬ 
ture I ruceablo from level 6 to level 14 with a dip 
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of OS”; the walls arc smooth and in places 
sliekensided; the situations uro perpendicu- 
Inr to the strike. Along (he cross break the 
footwnll is locally solid limestone on which the 
ore rests directly, hut elsewhere the ore may 
break through the wall. 

In several places the east side of the ore is 
limited by a northerly fracture' that belongs to 
a system of such minor breaks west of the “cast 
limit,” but in places the ore extends cast of this 
fissure. Four raises from level 18, under the 
South Dakota slopes on level 17, have found 
clayey porphyry 10 to 60 feet above the. level. 
Above, the porphyry rests greatly disturbed 
limestone with large boulders, breccia, and open 
places. There is some reason to believe that 
the porphyry dike shown on levels 12 to 16 may 
connect by a flat body of intrusive, rock under 
the South Dakota slope, with the thicker dike 
shown on level 16 in the crosscut southeast 
toward the Grand Central boundary line. 

Ore columns of the ' 1 cast limit." —Just as the 
California column is related to the first cross 
break, so is the other great division of the ore 
bodies related to the. second cross break; it is 
more specifically dependent upon the intersec¬ 
tion of this second cross break with the north¬ 
erly fracture called the “east limit.” The pitch 
of the ore coincides rougldy with the dip of the 
second cross break, which is 70° S. 

In the same way as the northerly Com chan¬ 
nel leads into the California column, two north¬ 
erly fractures southeast of the shaft lead into 
the second cross break. 1 Along one of these 
fractures are the so-called Big Platform ore 
bodies, which begin 300 feel east of the shaft 
on level 3 and continue, at lirst narrow, for 
several hundred feet until they widen to 70 or 
80 feet in the Michigan and Montana stopc; 
likewise between levels 2 utid 3. On the south 
side of the Montnna stopcs the second cross 
break, dipping 70° S., is encountered and the 
narrow ore is continued on this plane eastward 
into the Oregon and Maine slopes, which are 
in places 100 feet wide. 

About 600 feet east of the Big Platform line 
the Never Sweat channel begins in the rela¬ 
tively narrow Rhode Island and New Hamp¬ 
shire northerly slopes on levels 5 and 6. lu 
the Maine stapes on level 5 the ore. bodies begin 

1 Thrsmitll IbcinJing Jmt eolith of «ha?t f-n 1 nvel 2 *‘tn 

Ai|kj» ud by Trover *n<I SroJlh i«i 1** limited 30D foot nortbatet to thr 1 
bis; I'fcMiurt-' fttnpp. Thlt viww fa prolahly not conocl; tfaoro fa no j 
ovitlmo* to support it- 1 


to feel the influence of the second cross break 
and to go down on its southward dip. 

From the Oregon and Maine slopes on levels 
4 and 5 a column of slopes, gradually narrowing, 
descends steeply through the Pennsylvania 
slopes to the Missouri slopes on level 12 with¬ 
out following any of the fractures mentioned. 

The strongest column, however, descends 
along the intersection of the second cross 
break and the “east limit,” through the Utah, 
New Jersey, Minnesota, Virginia, and South 
Carolina stopes, the last on level 14, from which 
a connection is being established with the 
South Dakota flat slope on level 17. The 
South Dakota thus forms the converging 
point for two great ore columns of the mine. 
At the same time the ore begins to spread 
laterally, becomes more or less independent of 
the second cross break, and crosses east of the 
“east limit.” This great pipe or column is at 
many places 100 feet in diameter; in some 
places its greatest extension is along the 
“east limit,” in others along the second cross 
break. 

In the South Carolina stopes several north¬ 
ward-trending walls were observed on which 
the ore was sliekensided, showing some post- 
mineral movement. 

Relation of ore to -porphyry .—The dikes and 
irregular Hat masses of Swansea rhyolite in the 
southern part of the mine from level 12 to 
level 17 are greatly altered by the introduc¬ 
tion of calotte, seric-ite, and pyrite and con¬ 
tain a little silver and a trace of gold. On 
level 12 in the Virginia stope a dike 12 feet 
wide, trending X. 8° E. and having sliekensided 
walls, goes right llrrough the ore; at one pluce 
the ore is 14 feet thick on each side of the dike. 
The same relation is seen in the South Carolina 
stopes or. levels 14 and 15 and many other 
places. It seems evident that the ore is later 
than the porphyry but that the action of the 
limestone on the ore-forming solutions was so 
intense as to prevent any ore being deposited 
iu the porphyry. 

Ore supply .—The production of the Centen¬ 
nial Eureka mine has decreased in the last 
few years with the apparent exhaustion of the 
| great ore columns and the flattening of the 
ore in depth. It. would certainly be risky, 
however, to say that, the ore is exhausted, 
for although no ore was found on level IS 
the mine offers possibilities of exploration 
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along the several northerly fracture lines of the 
upper south levels and also below water level. 

Though ore. does not, extend continuously 
to the deep west workings of the. Grand 
Central mine, it seems probable that the 
ore solutions traveled from the fissures of 
that mine to the flat region at about level 17 
in the Centennial Eureka and thence upward 
through the present ore columns into the. 
New Year’s and Gem channels. No ore has 
been found south of the South Dakota slope 
in the direction of the Opex property nor in 
the extensive and deep exploration in the Opex. 

The ores .—The bulk of the Centennial 
Eureka ore contains copper, silver, and gold, 
and t he primary ore minerals consist of barite, 
quartz, and enargite, with some pyritc and a 
little ehalcopyrite. Galena occurs in places in 
the copper ores, and some shoots containing 
much galena with enargite have, been found in 
the northern part of the property, toward the 
Eureka Hill ground. 

The average ore has a gross value of about 
825 or 830 a ton, hut certain parts of the ore 
bodies are rich in silver and others are rich in 
gold. Native silver is reported to have been 
fount! on the upper levels—for instance, in the 
Great Platform stope between levels 2 and 
3—and it is said to occur on the Eureka Hill 
channel, down to level 9. The main ore shoots 
appear to contain barite in quantities increas¬ 
ing with the depth, and in levels 14 to 17 in 
the Kansas and Dakota slopes it occurs in 
largo masses of platy crystals. The jaspevoid 
or silicified limestone does uot extend far from 
the ore; in this respect the ore bodies differ 
from some of those in the lead mines. In 
many places, indeed, the unaltered limestone 
directly adjoins the ore, and here and there 
rounded masses of limestone are included in 
the oxidized ore. The copper is largely car¬ 
ried in the copper arsenates, but there are 
also minor quantities of azurite, malachite, 
uativo copper, and cuprite. The richest 
copper ore is said to begin below level 7. 

Some enargite occurs in all the, levels where 
copper ores are mined, but it is said that little 
was found above level 10. The scant amounts 
of galena hi the copper ores were found mainly 
at the points or along tho margins (“casings”) 
of the slopes. No zinc blende was observed, 
though it probably occurs intergrown with 


galena in the load ores. The fresh pyritc is 
poor; it is said to contain only 0.1 ounce of 
gold and 2 to 3 ounces of silver to the ton. Tho 
average ore contains about 68 to 70 per cent of 
“insoluble” matter—that, is, quartz and barite. 

The porphyry usually contains disseminated 
pvvite with much scricit.e and culcite, hut (his 
material is invariably poor, even that imme¬ 
diately adjoining rich ores. Tho officers of tho 
mine state that, it rarely contains over 0.5 ounce 
of silver and u trace of gold to the ton. 

Tho ore in the Gem channel near the Eureka 
Ilill lino between levels 6 and 12 contained, gold, 
silver, lead, and copper. Tho bodies are prac¬ 
tically exhausted, and little, could be seen of 
them in the old slopes. Tower and Smith say 
that lead and copper occurred in these ores in 
the ratio of 1:1. The ore was only partly oxi¬ 
dized but contained in places 100 ounces of sil¬ 
ver and 1 ounce of gold to the ton. A specimen 
from level 11, 400 feet south of the Eureka Hill 
line, contained both enargite and elialeopyritc 
with their products of oxidation. The ore of 
the Gem channel contains more silver and lead 
but less gold and copper than the other ore in 
the mine. Some barite is present, and u lather 
wide zone of jasperoid surrounds the ore. 

The ore in the New Year’s channel, which 
crops out. from the Centennial shaft nearly to 
tho Eureka Hill shaft, shows a vein of jasperoid 
15 to 20 feet wide in which are streaks and 
masses of limonito, malachite, and azurite, 
with a little galena and oxidized lead ores. 
This ore body contained mainly lead ores in 
Eureka Hill, hut oopper ores predominate up 
toward the Centennial mine. The New Year’s 
channel did not carry ore in the lower levels, 
and none of these channels are productive be¬ 
yond the great easterly cross break. 

The Gem channel on tho south leads into tho 
first, great ore column along the cross break, 
and here the load ores sink into insignificance. 

The ore in tho California slopes between 
lovcls 9 and 1.0 is said to hnvo averaged 3 per 
cent of copper, with 88 to $1Q in gold and 15 
ounces of silver to the ton. Similar ore is 
found in the other two southward-pitching ore 
columns, beginning from the Big Platform 
stope on level 3 and the Rhode Islnnd stope on 
level 5. Some slopes—for instance, those on 
level 13—were unusually rich in copper, cur¬ 
rying about 10 per cent. 
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Somo of the heavy sulphide ore in the Soulh 
Dakota slope is unusually rich in lead, yielding 
30 per cent, together wit h 15 per cent of copper, 
10 per coni of iron, a varying amount of silver, 
and .84 in gold to the Ion. 

Rich ijnhl oma—Although all the. ore carries 
gold to the extent of £1 to SI5 a ton, abnor¬ 
mally rich geld ore is found at many places— 
for instance., below level lli in the Dakota slopes, 
on level 11 in the. Kansas slopes, on level 9, in 
the Delaware stopc, and on levels 2 and 3. It 
occurs, consoi)uoutly, at all depths in the mine. 
This gold ore is firm grained, gray to rusty, mid 
highly tjuartzoae and was formed by the re¬ 
placement of limestone. The gold appears to 
have hern deposited by secondary processes. 
(Seep. 176.) Some of this ore contains several | 
ounces of gold to the toil, and one carload from 
the Delaware stopc, contained 16 ounces to the 
toll, reluming $16,900. 

Rich silver ores.— Tn the same manner un¬ 
usually rich silver oros are found at some 
places. In places these are due to a concen¬ 
tration of silver cldorido, but in tbe deeper 
levels, where there is more onargite, the 
abnormal content in stiver seems to stand in 
connection with the development of ehalcocite 
and covollito, and rich secondary silver sulphide 
or sulpliursenides were probably formed. Such 
ore from the South Dakota slope yielded ns 
much, ns 1,500 ounces of silver to the ton; a 
record carload from the Michigan stopo in the 
Eureka Ilill or Now Year’s channel on level 3 
yielded 833,3S0 net, most ly in silver. 

Somo of the high-grade copper-stained barite | 
in the lowest, part of the mine is rich in silver, 
containing ubout 80 ounces of silver and 0.5 
ounce of gold to the ton. 

DEVELOPMENT WEST AND SOUTH OF THE 
GEMINI -ORE ZONE. 

The West Cable shaft, according to Tower 
and Smith, is 500 foot deep and is at the mouth 
of Cole Canyon, west of Eureka. 

The Herkimer shaft, 500 feet deep, is on the 
southwest slope of Eureka Peak, north of 
Mammoth. Thevo is an outcrop of jasperoid, 
evidently along u northerly fracture, just north 
of tho Herkimer shaft. Tho Southern Eureka 
shaft, just oast of the Herkimer, is also 500 foot 
doop. The Annamlnlo shaft, in tho sumo 
vicinity, is 200 feet deep. The Tennessee 
Rebel shaft, on t he lower slopes of Eureka Peak 


northwest of Mammoth, is 500 feet deep. 
Some crosscutting has been done from most of 
these shafts, hut- no oro bodies have been found. 
Fractures trending mainly north or N. l5°-30° 
E. are common, and silicification has been 
observed along some of t hem. 

EMERALD PROPERTY, 

The Emerald mine, owned by the Emerald 
Mining Co., is northwest of Mammoth, near the 
oc.d of the south spur of Eureka Peak. No 
ore bodies of commercial importance have been 
found here save possibly an undeveloped de¬ 
posit- of soft rod iron oro. A little isolated 
bunch of oxidized copper minerals has also 
been found. 1 Tho underground workings con¬ 
sist of a 1,000-foot shaft, (altitude of collar 
6,830 feet), a winze from the 1,000-foot lo the 
1,100-foot level, with accessible drifts and 
crosscuts on the 400, 500, 600, 700, 1,000, and 
1,100 foot levels. A 1,900-foot level lias been 
run From the 2,000-foot level of the Opcx 
shaft. 

Tho workings Lie in Upper Cambrian and 
Ordovician strata (including the, Opex dolo¬ 
mite and the Ajax limestone). Tho beds are 
slightly overturned at the surface, with a 
N. 10° E. strike aud a 75° W. dip, and maintain 
this altitude as far down as the 500-foot level, 
below which they curve to a northwesterly 
strike and moderate to steep northeasterly dip. 

Faidting is very pronounced. 'Hie Emerald- 
Grand Central fault crops out. just east of tho 
shaft house, crosses tho shaft at tlm 100-foot 
level, and has been cut on the 400, 500, and 
GOO foot, levels. Its underground course is 
undulating, the strike ranging from N. 20° E. 
to N. 45° E., and the dip from 50° to 70° NW. 
Us walls, where exposed, are highly slickon- 
sided. and its course is marked by much broccia- 
I lion and a little mineralization. Its horizontal 
! displacement, can not be exactly determined 
but. is ovor 300 feet; ttie southeast wall has 
moved relatively northeastward. A second 
northeasterly fault is exposed on tbe 400-foot 
lcvol, where it dips 42° NW., hut evidently it, 
joins with the fust before reaching tho 500-foot 
level. At greater depth, west of the Emerald 
shaft, tho Emerald-Grand Central fault may 
join the southern part of tho main fault, or 

• Three after tfau v,rltcr\> rhit Itvas reported Ural 1 fett offend, 
silver Hr., >:j.| twro ujv *'d on llte 5'W-f. < >vul (Mm. and Sri frej, 
°'d. 31, RH, p, 202), bul no tdilpnn lib* cl oro from (his mine havo 
botn roported. 
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"parting,” in ilio lower Opex workings. 
Easterly faults, mostly with southerly ‘lips 
and with horizontal nfl’sets o. as much as -(o 
fool, me rather numerous, and a 1‘e.w of them 
carry a littlo vein matter. The amount of 
offset is proved by the positions of (he Emerald 
dolomite member of the Ajax limestone. 
Northerly fissures are also numerous, and some 
are marked hy intense hreecialion and move 
or less vein matter, but the amount and 
direction of faulting along them have not been 
proved. The easterly faults fail to cross either 
the northeasterly or the northerly fissures. 

The mineralization consisted for the most 
part in the formation of caleite veins and 
pockets accompanied hy varying amounts of 
lim unite and psiioinelane or wad, hut there 
also occurs a considerable amount of soft red 
hematite, some silieified limestone, and small 
amounts of copper and lead minerals, which 
in some assay's have shown the presence of 
arsenic and antimony. The greatest develop¬ 
ment of caleite is on the 500-foot level, wheve 
a. zone ns much as 150 feet wide has been traced 
300 feet northward from a point 250 feet west 
and 400 feet north from the main shaft. 
Where the caleite in this zone lines cavities 
it forms long, pointed crystals (senlenoho- 
drons). This zone is said to have been cut 
on the 700-foot level, but the workings were 
not accessible at the time of visit. 

The soft rod iron ore lies in or dose by the 
main northeasterly fault, and has been found 
at several points on the 400 and 500 foot 
levels. On the 600-foot level also tho north¬ 
easterly' fault carries some iron ore, analyses 
of which show a little arsenic and a very little 
though constant amount of copper. 

The only other noteworthy indications of 
mineralization live a small bunch of barite 
reported from the 700-foot level, a littlo “anti- 
moniul lead" reported from a winze on the 
1,000-foot level, and some silieified rock r.t the 
east end of the 1,100-foot level, similar to that 
associated with the iron ore on the 400-foot 
level. 

OPEN PROPERTY. 

Tlie Opex property’, now controlled by the 
Opex Mines Co., one of the Knight properties, 
of Provo, Utah, is on the next spur west of the ^ 
Emerald mid extends from Mammoth Gulch 
northward to a point within 500 feet of the ( 
crest of the ridge. The old shaft was sunk , 


near the south end of tho spur, but the new 
shaft (altitude of collar 6,961 feet), from which 
extensile prospecting has been conducted, is 
about 1,500 feet farther north. The new shaft 
is 2,200 feet deep, and drifts have been run 
on the 1,300, 1.500, 1,700, 1,800, 1,850, 1,925, 
2,000, anil 2.117 foot levels. The bottom of 
the shaft has struck ground water, which 
stands at the 2,170-foot level. 

The workings are mostly within the Opex 
dolomite, except the long west drift on the 
2,000-foot level, which, when visited, was 
being driven to reach the quartzite and shale 
contact. The strata, along ibis and other 
drifts west of the shaft as a whole dip uni¬ 
formly about S0° W., proxing that the west 
limb of the great s.vndino is slightly overturned 
to a depth of at least 2,600 feet beloiv the crest 
of the ridge. There is considerable irregularity 
of dip around the shaft, due to minor flexures. 
South and east of the shaft the strata assume a 
southeast to nearly east strike, with northeast 
or north dip, presumably forming part of the 
same flexure that was found in tho lower 
workings of the Emerald, possibly indicating 
the flattening of the beds toward the axis of 
the main synclino. A large cave lined with 
stalactites and stalagmites has been exposed 
on the 2,000-foot level, a little over 100 feet 
north-northeast of the shaft. 

The lower levels in u r.ort h-soulh zone through 
the shaft have exposed a dike of rhyolite por¬ 
phyry (see p. 49), faulted into two ports, which 
converge south of tho shaft. The dike is 
tongued-shaped and has a steep easterly dip and 
a southward pitch. It is highly impregnated 
with pyrite, but the adjacent limestone is not 
mineralized, except for a few microscopic crys¬ 
tals of pyrite and quartz which could be inter¬ 
preted as primary constituents of the rock. 
Another body of rhyolite porphyry of irregular 
but not fully known shape has been out about 
300 feet wist of the •'haft on the 2,000 and 2,1 17 
foot levels. 

The fault, which divides tho dike, is known 
in the mine as the "parting." It. has been 
followed from tho shaft on tho 2,147-foot level 
for about 1,560 fret slightly ivisl of south and 
over 100 fret slightly cast of north, with a 
dip of 60 a -80° W. Its course for the last ioq 
feet northward swings to IS'. 30° E. Its foot- 
ivall is mostly in hard dark bluish-gray dolomite 
and is highly slickonsided; its hanging wall as a 
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rule is badly shattered. The same lault has 
also boon out on the 2,000, 1,025, 1,700, and 
1,300 foot levels and maintains its tendency 
to swing northward and upward to a north¬ 
easterly coarse. Its southernmost exposure 
on tho ‘2,147-fool, level is nhont duo west of the 
Emerald shaft and in line with the downward 
projection of the main fault in tho Emerald 
workings; its northward portion is in line with 
tho "oust limit,” a strong fissure of northward 
trend Llml forms the east boundary of tho 
large ore bodies' in I he Centennial Eureka 
mine. Tho horizontal displacement., us shown 
by tho dike, is as much as 350 or 400 feet, the 
eastern wall moving relatively nort.hwu.rd. 
Tho upward disnlucomenl of tho eastern wall 
may ho 200 feet or more. The. western part of 
the dike fonns (ho hanging wall of tho faidt for 
about 400 feet on the 2,147-foot level; the east¬ 
ern part fonns tho footwall tor 75 feel whore 
tho fault is exposed on the 1,925-foot level. 

Several easterly breaks avo exposed in this 
mine, hut the general uniformity of (he rock 
prevents any accurate moasuromeut of dis- 
plueemenl along thorn. In one place the " part¬ 
ing ” or main fault is off sot for about 1 foot 
at its junction with two easterly breaks, that to 
the west of the "parting” dipping steeply 
north and that to the east clipping steeply 
south. 

The. only evidences of mineralization arc scat¬ 
tered pockets of culcite crystals (scnlcnohc- 
drons) more or less coated with black manga¬ 
nese stains along the " parting, ” and one bunch 
of barite, also along t he " part ing, ” at the south 
end of tho 2,147-loot, level. The extensive 
prospecting operations in tho Opex mine we.ro 
undertaken in the then reasonable hope of 
finding the extension of tho ore bodies of the 
Centennial Eureka mine. Later developments 
have shown, however, tlmt the ore bodies of 
li io Centennial Eureka connect with those of the 
Grand Central mine instead of continuing duo 
south. 

GOLDEN RAY & WEST MAMMOTH PROPERTY. 

The property of the Golden Ray & West 
Mammoth Mining Co, lies west of the Centen¬ 
nial Eureka. Its lurmel entrance is in a north¬ 
westward-sloping gulch, about 2,100 feet al¬ 
most. duo west of the Centennial Eureka shaft. 
The workings cut all the Middle Cambrian shale 
and limestone strata from tho Ophir formation 


on the west to the Cole Canyon dolomite on I he 
east. These strata lie. nearly vertical and are 
traversed by many northerly and easterly fis¬ 
sures. The workings include a south and a 
southeast drift on the tunnel level, with some 
crosscuts, a winze 300 feet deep in the south¬ 
east drift about 325 feet from tho entrance, and 
a short drift on the. 300-loot level. 

The south drift lies wholly in the Ophir for¬ 
mation of argillaceous limestone and shale. It 
extends for about 900 feet, and at its end there 
me crosscuts extending for about 600 feet, 
westward and 300 feet eastward. The drift 
follows for a considerable distance a slicken- 
sidod fissure that strikes N. 10° W. and dips 
SO 0 E. to 90°. The slickensiding grooves pitch 
45° S. The fissure is mostly tight, or filled 
with day gouge ("talc”), blit in a few places it 
carries lenses of white quartz and culcite as 
much as 3 inches in thickness, which are said to 
have assayed 88 to the ton in gold. In the cast 
crosscut about 300 feet cast of this fissure is a 
second fissure that strikes north and dips S0 Q E. 
This fissure, is filled with brown and while cnl- 
eite in columnar aggregates resembling onyx 
marble or travertine and terminating in long 
pointed crystals (scalenoiiedrons) around pock¬ 
ets. The immediate wall rock is badly shat¬ 
tered. At.one place there is a vertical chimney- 
likc cave 2 to 3 feet in diameter which extends 
upward along the fissure from tho drift. Tho 
east crosscut has also exposed au easterly fis¬ 
sure dipping 80°-85° S., which carries the same 
kind of cnlcite, This fissure curves southward 
near the northerly fissure and joins it. 

The southeast drift, or main tunnel, cuts 
diagonally across the strike of tho rocks, ex¬ 
posing several open northerly to N. 10° W. 
fissures that dip parallel to the bedding. About 
650 feet from tho entrance it exposes the end 
of a small c.ave on a N. 85° W. fissure that dips 
80° S. to 90°. The cave is lined with eidcite 
scalenoiiedrons, and one bunch of ore about 10 
inches in diameter is said to have been found 
on the hanging wall of the cave. The ore 
appeared to contain lend with some copper and 
probably some silver, but no assay of it was 
made. No prospecting has yet been attempted 
below this cave. 

Around the 300-foot winze is n great- irregu¬ 
lar mass of white to brown cnlcite. 20 feet or 
more in width, in shall 7 limestone. The body 
pitches about 70°-72° SE. It disappears from 
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the winze at n depth of 100 feet, and either the 
same mass or another in line with it is said to 
be out on the 300-foot level 75 Feet southeast 
of the winze and to spread southward and east¬ 
ward along fissures in much broken lock. The 
caloitc body wus deposited in shattered rock 
at. the intersection of northerly and easterly 
fissures, filling the fractures with comb-struc¬ 
ture veins and replacing the rock fragments. 
Samples from the 300-foot, level arc said to have 
assayed 6 to S ounces of silver to the ton. 

Near the end of the southeast drift, at the 
east boundary of the property, a south crosscut 
follows for a short distance a strong slicken- 
sided fissure mid is approximately in line with 
the Gem channel on the 600-foot level of the 
Centennial Eureka mine that strikes N. 10° E. 
and dips 65° E. There are two systems of 
sliekouside striations, one nearly horizontal and 
one pitching steeply novthward. A broad zone 
100 feet in maximum width, and lying on both 
siih's of the fissure is thorougldy shattered and 
filled with coarse brown to white calcite sc.ale- 
nohedrons and shows a considerable amount of 
iron and manganese.,staining. The zone passes 
northward, crossing the east boundary of the 
property at a very small nngle. A grab sample 
from this zone is said to have yielded SI.92 in 
gold and 21 ounces of silver to the ton. 

DAGMAB PROPERTY. 

The property of the Dagmar Northwest Min¬ 
ing Co. is on the east slope of Teutonic Ridge, 
west of Cole Canyon and north of Eureka 
Gulch. The workings include a 350-foot shaft 
(altitude, of collar 6,806 feet) with drifts at. the 
200 and 350 foot levels; also two short tunnels 
about 600 feet northeast of the shaft. 

Tho country rock is Middle Cumbrian lime¬ 
stone and dolomite, which strike a little east 
of north and dip 60°-S0° E. The ground is 
much faulted. The largest, faults include one 
of northeast trend in the southern part of the 
property and one of northwest trend in the 
northern port. In the angle between these are 
several faults trending nearly due enst. 

Besides these faults there arc three or more 
parallel fissures, or fissure zones, trending 
north to N. 20° W. aud all showing some 
evidence of mineralization, rhe western fis¬ 
sure zone extends along tho crest of the 7040- 
foot ridge and is min k id by outcrops of iion- 
stained breccia, cemented in part by dolomite 


spar but mainly by scalenohodral calcite. 
The middle, fissure extends along the west edge 
of the dump and is cut by the shaft at- shallow 
depth. It also is iron stained and is character¬ 
ized by small cavities lined with dolomite 
spar and by partly dolomitized walls. Grains 
of ''steel” and “cube” galena and possibly of 
zinc blende are thinly scattered through both 
the dolomitized rock and the spar. In a winze 
mi the 330-foot- level, 80 feet southeast of the 
shaft and in the middle fissure zone, arc ex¬ 
posed a few stringers of quartz accompanied 
by n little barite, dolomite, and a few specks 
of copper stain. The. eastern fissure zone also 
contains small amounts of dolomite spar with 
n little galena. Loose sandy material from 
some of the leached fractures or stringers in 
this zone is said to have assayed 6 ounces of 
silver and a trace of gold to the ton. 

North of the Dagmar property on the oast 
slope of Jenny Lind Canyon, is a prospect in the 
Ophir formation, from which a little copper has 
boon reported. Jn the canyon south-southwest 
of the Dagmar considerable work has been done 
in fractured ground, strongly stained with 
hydrous iron cud manganese oxides and full 
of secondary calcite; but no fragments show¬ 
ing primary mineralization were seen on the 
dump. These two prospects may he further 
evidence of mineralization in the me a. west of 
Cole Canyon, hut. here as in the exposed parts 
of the Dagmar property the country rock is 
not the most, favorable to replacement, and the 
mineralizing solutions that reached the level of 
the present surface were of the nonsiliceous 
typo and evidently weak. 

CHIEF MINE. 

Situation .—The Chief Consolidated Mining 
O-o. owns u large irregular area south of Eureka 
and controls the underground rights on the 
Eureka town site. The property borders on 
tho south the Victoria and Engle und Blue Bell 
claims cwl on the west the Gemini and Ridge 
and Valley claims. Its development is of 
recent date, practically nil tho underground 
work having been done since t'JOO, the dnte of 
its incorporation. The principal of lice is at 
Houghton, Mich. The company also owns 
some claims on Godiva Mountain, south of the 
Muv Day. In general the workings arc in north¬ 
ward continuations of the <>rc zones worked in 
the Victoria and Eagle and Blue Bell mines. 
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Tins sliuft is luilf a mile east-soul I iciusL of the 
Gemini shaft, south of and about 170 foot 
above tho central part, of the town of Eureka. 
The. altitude of its collar is 6.570 feel. South 
of the sliaft the slope becomes sleeper and soon 
vouches fho abrupt outcrops of the Eureka 
Peak ridge. 

DrerhjniU'.jtta,- The Chief vert ir ill shaft is | 
1 ,S15 feet deep and found ground water at. that J 
depth. It is sunk in talus and rhyolite to a 
depth of 300 feet. Levels are turned /300, 700, 
S00, 1,000, 1,200, 1,400, 1,600, 1,700, and J,SO0 
feet below th.es collar, and the workings are 
below the SOO-foot level. They extend for 
2,000 feet north-northeast and 1,300 feet 
smith-southeast from the shaft. Crosscuts 
have been run east and southeast on several 
levels, particularly on the i,400-foot level, 
which has explored the territory far oast of the 
Victoria ore zone. The developments aggro-' 
gate 22,000 feet of drifts and 4,400 feet of 
raises and winzes. 

rrodarlioti .—lip to Juno 30, 1914, 110,927 
tons of ore from this mine had yielded 18,004 
ounces of gold, 3,081,173 ounces of silver, 0,- 
477,837 pounds of lead, and 119,027 pounds of 
copper, and the returns from the ore sules wore 
81,354,582. Dividends amounting to 8262,838 
had been paid. 

Geology .—Tho surface of the Chief ground is 
occupied by tho Packard rhyolite and the de¬ 
bris funs from the slopes of tho Eureka Peak 
ridge. The shaft is sunk to a depth of 60 foot 
in debris from the slows to the south, and then 
outers rhyolite, which extends to a dopth of 
300 foot. Tho rhyolite is more or less clayey 
and decomposed, contains finely distributed 
pyvito and chlorite, and yields a small quantity 
of sulphate water, unfit to drink. Scales of 
gypsum are seen in much of this altered rook. 
So far ns known tho pyrite carries no gold or 
silver. In tho underlying limestone of tho 
deep levels are several breceinled zones con¬ 
taining more or loss rhyolitic material, especi¬ 
ally 600 or 700 feet northeast of the shaft. On 
the SOO-foot level contacts of rhyolite and lime- | 
stone wore observed. One place scorned to 
represent the bottom of the rhyolite flow, the 
contact dipping 30" E.; at another place only 
100 feet distant the rhyolite appeared as a dike 
20 feet wide, with much clayey limestone brec¬ 
cia along tho walls. There is a possibility, then, 
that the flow is in places S00 feet thick. A 


dike of partly decomposed latite-nndesite por¬ 
phyry 10 feet wide cuts the Bluebell dolomito 
on liio 1,600-foot level about 1,200 feet N. 
55° E, of tlu> Gemini shaft, Its average strike 
is about N. 70 3 E. Both tho dike and the 
dolomite walls are slickensided. 

A glance at the geologic map (PI. I, in pockol ) 
will show that the ore zones lie in the faulted 
blocks of the great Eureka Gulch dislocation, 
which have been thrown to tho southwest by 
at least four stop faults trending northeast. 
Tho workings of tho mine must, be partly in 
the Bluebell dolomite and partly in tho Gard¬ 
ner dolomitie limestone, but it is extremely 
difficult to distinguish between these forma¬ 
tions in .lie underground workings, and the 
thin intervening Victoria quartzite does not 
seem to bo well developed hi tho Chief ground. 
It was not possible with tho meager opportu¬ 
nities offered by the numngor for undorgrouud 
examination in this mine to investigate tho 
structure and truce the faults that divide the 
dislocated blocks. The ore zones apparently 
trend northward independently of the earlier 
faults, though the ore may hi places be de¬ 
flected to some, extent along these cross courses. 

The projection on tho surface would carry 
the Victoria quartzite close to tho Chief shaft, 
and the steep easterly dip would within a short 
distance cany tho shaft well into tho Bluebell 
dolomite. The strike of tho heavy-bedded 
limostono is generally N. 10° W., rarely in¬ 
creasing to 20°, and the dip is steadily to tho 
oast at angles of 70° to 85°. On the 1,600-foot 
level, however, the beds, especially near tho 
Gemini line, have prevailingly low and undu¬ 
lating dips. 

Ore bodies .—Tho Chief shaft is sunk just 
west of a rectangular projection of Eagle and 
Blue Bell ground into the Chief property, and 
on some levels the. drifts first extend north 400 
feet and then east. A drift on tho 1,000-foot 
level crossed this ground and intersected a 
fissure with some galena 400 feet southeast of 
the shaft; this is clearly the extension of ono 
of the Blue Boll ore zones, probably the more 
westerly of tho two. 

Two principal systems of ore bodies are 
worked in the Chief mine. One centers about 
700 feet northeast of the shaft and consists of 
two parallel bodies 100 or 150 feet apart. The 
second is separated from the first by about 
1,200 feet of barren ground. It lies roughly 
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1,200 feel sou!h-sout boost of tho shall and i s 
continuous with tho deep ore bodies of (he eiis{_ 
erly ore 7 , 0 no of the Eagle ami Blue Bell, \vit| L 
which connections have l>eon mode on the Bluo 
Boll 1.350 and 1,.lob foot levels. 

Th<> nor thorn ore bodies- - were the first olios 
discovered and according to the reports of lho 
company have been worked on l lie 1,300, 1,400, 
and 1,600 foot.levels. The easternmost of these 
bodies curries principally lead ore, is as much 
as 40 feet wide, mid pilches northward. It Inis 
been followed for at least 500 feet north from 
the Blue Bell line and toward its north end 
merges into lower-grade quartzose material. 
The easterly ore zone in this vicinity continues 
for 600 feet on one of the levels and is in places 
30 feet wide. 

Tho sout hern ore bodies, which connect with 
the Engle and Bluo Bell, extend horizontally 
for 500 feet and vertically from the 750-foot 
level to the 1,400-foot level. Their width and 
configuration can not ho given. O 11 the whole 
they are probably little different from those of 
the Gemini and Eureka Hill. The slopes exca¬ 
vated a succession of podliko masses of ore 
separated by lean, silieified Limestone. The 
pitch is distinctly but irregularly northward. 

The ores .—The Chief mine produces ores of 
several kinds. Among them are massive 
galena, and lead carbonate ores containing say 
0.05 ounce of gold and 30 to 40 ounces of silver 
to the ton, with 18 per cent of lead. Such ores 
were mined from the westerly ore zone of t he 
northern bodies; in the easterly zone of the 
same locality rich siliceous ores carrying horn 
silver and ruby silver, were mined, one car of 
which netted 86,000. There are also hi this 
vicinity largo amounts of low-grade siliceous 
3 re, carrying about 10 ounces of silver to tho ton 
md a small percentage of lead. The reduction 
rf such ore is difficult , and attempts have been 
iiftde t o perfect u cheap process for treating it. 
iluch of it is cellular and honeycombed quartz 
vith coatings of lead carbonate, lead oxy- 
ihloridos, ferric sulphates, and small amounts 
>/ nmlachile, azurile, and conicluvlcite. The 
ivemge composition of the ore mined from (he 
lorthem oro bodies is porhnps best shown in 
he report of tho company for 1911, when the 
.verago assay va lues were 0.04S ounce of gold, 
nd 39.58 ounces of silver to the ton and 5.2S 
ier cent of lead. 


! Though little is known of the character of 
| the ores in die southern ore bodies, it is certain 
j that they are more or less similar to those of 
i the Eagle and Blue Bell mine. In part they are 
| heavy lead ores, of mixed, sulphide and car¬ 
bonate; in part, they are highly siliceous ores, 
rich in gold arid silver. To some extent this 
condition is rellecled in the average assay 
values for 30,000 tons of ore mined in 1912, 
which yielded 0.2557 ounce of goid, and 20.83 
ounces of silver to the ton and 1.36 per cent of 
lead. 

The average gross value of the ore was 825.55 
« ton ill 1911, 824.15 in 1912, and SI6.29 in 
1913. The cost, of smelting, freight, and samp¬ 
ling is about 89 a ton. 

As elsewhere in (I 10 district, the primary oro 
is a dark siliceous replacement rock, in places 
banded and containing no residuary coleile or 
dolomite hut scat tered prisms of barite. This 
rocic contains primary rather fine grained 
galena with a little zinc, hlencc, enargile, and 
pyrito. Veins of a second generation of quartz 
cement tho hreceiated siliceous rock, which 
upon being attacked by oxidation becomes cor¬ 
roded and honeycombed, with t he development 
of oxy-salts. Throughout the mine the ore is 
largely oxidized, hut much galena remains, par¬ 
ticularly - along the “casings” of the ore bodies. 

EAGLE AND BLUE BELL MINE. 

Df.wdopnu nls and production .—The property 
of tho Engle & Bluo Bell Mining Co. is about 
half a mile southeast ef the town of Eureka, 
in Eagle Canyon. Tho cellar of the present 
working shaft has an altitude of 6,818 feet, or 
about 400 feet above the town. At the time 
of tho curlier report (1S97) this mine was 
developed only to a depth of 400 foot. During 
tho last few years it has been opened to a 
depth of 2,019 feet (ground-water lovel), and 
it is now a large producer of heavy galena ore. 

The principal developments consist of an 
old tiuuicl opening the southern part of the 
property; of No. 2 shaft, which is 1,000 foot 
south of the tunnel portal and 1,043 feet deep, 
with, levels 100 feet apart; and of the present 
No. 1 working shaft, which is eloso to the 
tuiuiel portal and has workings extending 
mainly eastward on the 700, 1,000, 1,200. 
1,350, 1,550, 1,700, and 1,876 foot levels. Tho 
(otal openings amount to many thousand feet. 
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The 1,350-foot level of the mine connects with 
the 1,000-foot level of the Chief Consolidated 
property. 

The production from 1807 to 1916, inclusive, 
wits 220,343 tons of ore, yielding 35,385 ounces 
of gold, 3,217.676 ounces r.f silver, 1,413,102 
pounds of copper, 33,796,415 pounds of lend, 
and 22,866 pounds of zinc, and having a total 
value of $4,450,905. Up to November 2, 1916, 
dividends of $532,518 had been distributed. 
In earlier years the ores taken out were silice¬ 
ous and lean in lead; of late large bodies of 
galena ore have been found in the lower levels. 
There is very little copper, the principal value 
of the ore being in lend and silver. 

Geolofftj .—The surface and the workings in 
the vicinity of the working shaft are in the 
Bluebell dolomite, which contains most of the 
ore. About 700 feet south of the working 
shaft, however, the drifts must enter into 
the striped Opohonga limestone, and much of 
this rock is in fact shown in the dump. Mr. 
Loughlin ascertained that the so-called “white 
lime,” which at one place on the 1,000-foot 
level is faulted against, the “blue lime,” is 
really the Opohonga limestone in contact with 
the Bluebell dolomite. The boundary referred 
to corresponds to a fault along whieii tho 
northerly block is thrown 500 feet to the west; 
this is one of tho oldest dislocations in the 
broad faulted zone underneath Eureka Gulch, 
The shaft passes into the “white lime” at a 
depth of about 1,120 foot and continues in it 
to the 1,700-foot level, where a reversal of dip 
(6.5° W.) brings it, again into theBluebc.il dolo- 
mito, which persists with that dip to the 2,019- 
foot level. The direction and continuation 
of the ore channels are hut little nfl’ccted 
by the faulting, though the most northerly 
cross fractures appear to have had a local in¬ 
fluence in guiding the solutions that deposited 
tlio ore. 

Cross fractures trending east, east-northeast, 
and west-northwest arc prominent; there arc 
at least soven of them within 1,800 feet. 
One zone about 1,000 feet south of the shaft 
on the 900-foot level evidently corresponds to 
the great fault shown on the surface. These 
cross fractures have generally a steep southerly 
dip. In detail the structure is probably very 
complicated. Tho stratification extends al¬ 
most due north to X. 15° W., and the beds 
dip 65 c -70° E. 


No igneous rocks have boon found in the 
workings. 

Ore bodies .—The ore bodies are. mainly de¬ 
termined by the intersection of inconspicuous, 
nearly vertical northerly fissures with certain 
strata that were susceptible of replacement, 
but they also in part follow northeasterly cross 
fractures. The trace of the northerly Assures 
is marked by more or less silicification of the 
dolomite. 

There are two ore zones. The older develop¬ 
ments ou the west vein comprise the tunnel 
workings and several openings in ore below ‘.lie 
tunnel level near No. 2 shaft, on the south side 
of the property. The newer and deeper devel¬ 
opments lie northeast of No. 1 shaft, in the 
northern part of the property, and are sepa¬ 
rated from older workings by SOI) feet of barren 
ground. Tho northern ore zone appears to lie 
about 150 feet farther east than the southern 
zone and is thus n little higher in the strati¬ 
graphic sequence. 

In the tunnel a pipelikc shoot was followed 
from a point near the surface to a depth of 400 
feet. It is vertical for 300 feet, thon pitches 
south at an angle of 60°, evidently following a 
cross fracture, and finally resumos its vertical 
position. Other ore bodies were mined south 
of the old shaft and on the south extension of 
the Beecher claim, on the 100 and 200 foot 
levels. From the 300-foot to the 1,000-foot 
level in tho old shaft fow ore bodies wore found. 
The later developments on the 1,000 and 1,100 
foot levels lie northeast of this shaft., just north 
of a cross break on which strong easterly fault¬ 
ing has taken place. This shoot is as much ns 
20 ieet. wide and follows the bedding planes of 
tho Bluebell dolomite for 400 foot more or less 
continuously. It is of rather low' grade hut 
contains both copper and lead. 

The richer ore bodies lio a few hundred feet 
northeast of No. 1 shaft on levels extending 
from 700 to 1,876 feet (1916). The most ex¬ 
tensive developments are on tho 914-foot level 
(equal to the 1,000-foot level in the old shaft). 
Tho occurrence of the cro is in general related 
to the intersection of an easterly cross break 
with tho northerly fissure. The ore began 200 
fret above tho 914-foot level, and in t911 the. 
workings hud disclosed it on the 1,100-foot 
level. It- is ir. part siliceous and carries gold 
and silver with a little lead and copper; in port 
it is heavy lead ore, and both lands occur sop- 
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acutely but in dose proximity. A body of 
siliceous ore rich in gold was found 100 foot 
south of tho main ore body; in one place 68 feet 
below the l,200-foot level the slope was 100 
feet long and 125 feet wide from east to west, 
at the time of visit, when the. whole extent of 
the body had not been developed. 

In 1914 the mine was opened from No. 1 
shaft- down to the 1,550-foot level, and tho 
mixed siliceous and lead shoot was found to 
contihne to the lowest workings; in addition a 
new ami very valuable lend shoot was found 
farther west, almost duo north of the shaft. 

The shoot of mixed siliceous and lead ore. has 
been followed north lor 480 feet and from tlies 
700-foct clown to the 1,500-foot levol. It is 
20 to 70 feet wide, and its general trend is 
north-northwest. In its lower part heavy lead 
ore predominates. 

Tho new lead shoot, lies 300 feet north- 
nortlicast of No. 1 shaft. Its top is at about 
tl io 1,450-foot level and its deepest part, so far 
as shown at present, on the 1,550-foot level; 
here it is 140 feet long and as much as 20 feet 
wide, a magnificent hody of lead ore about 
half oxidized and averaging as a whole 20 or 
25 per cent of lead. This shoot would appear 
to lie in the continuation of the West vein of 
the old workings to the south. The dolomite 
walls of the shoots aro everywhere sharply 
defined. 

During 1915 and 1916 new slopes were 
opened in continuations of ore shoots on the 
700, 1,000, und 1,550 font levels and ou the 
1,200-foot level of the Victoria mine. New 
stopes were also opened on tho 1,700 and j 
1 ,S7G foot levels east of the shaft. The rela¬ 
tions of these two stopes suggest that the ore 
shoot follows the local westward dip of the 
inclosing rock. The newly exposed ore on 
the l,S76-foot level consists of course to fine 
grained galena partly oxidized to angles! te 
aud cerusite and thinly coated in a few spots 
with an undetermined yellow powdery mineral. 
The shaft pusses into low-grade ore, said to be 
of normal character, 50 feet below the 1,876-foot 
level but is in barren rock nt gvouild-water 
level. 

The ores .—The mine has produced ores of 
widely differing character but ail carrying 
more or loss lead, gold, and silver. Some 
copper was found in the southern workings, 
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and in 1913 a pipe of rich cnargitc ore was 
encountered in tho northern siliceous shoot in 
the 1,300-foot level. It was about 34 by 20 
feet in diameter and 75 feet in vertical dimen¬ 
sion. Zinc to the amount of 2 to 3 per cent 
was found in some of the lead ores from the 
upper levels. Bodies of oxidized zinc ores 
below the lead ore should be expected under¬ 
neath the lead stopes. but none have yet 
been found. 

The siliceous ores consist mostly of white, 
greatly honeycombed and cellular quartz of 
fine grain, in places “ chalcodonic” and show¬ 
ing delicate agate-like bunding; many such 
bodies arc adjoined by bluish siliceous and 
compact rock, evidently silicifiod dolomite, 
which borders the unaltered dolomite with 
sharp contact. The large siliceous stopes 
may have averaged 0.5 ounce of gold and 20 
ounces of silver to the tun, with I to 3 per cent 
of lead. The second-class ore loft hi the mine 
might contain 83 iiv gold aud 5 ounces or more 
of silver to the ton. Some of the richest 
siliceous gold ore contained 4 ounces of gold 
and 130 ounces of silver to the ton, 78 per cent 
of silica, 5 per coat of iron, and 2 per rent of 
lead in a gangue of corroded quartz and barite. 

The lead ores of the lower levels consist 
mainly of carbonate with bundles of galena; 
carload sliipmonts would average 20 per cent 
of lead and 23 ounces of silver to the. ton. One 
heavy carload of S7 tons contained 74.8 per 
cent of lead, 2.6 per cent of insoluble matter, 
11.6 per cent of sulphur, 0.4 per cent of iron, 
and 0.017 ounce of gold, and about 80 ounces 
of silver to tho ton. 

In 1913 a carload of heavy lead oro was 
shipped from tho new shoot north of tho shaft. 
The weight of this shipment was approxi¬ 
mately SO tons, and it consisted apparently of 
an almost pure mass of galena, anglesito, and 
cerusite. The shipment contained 74.8 per 
cent of lead (pure galena contains S6.6 per cent 
and pure carbonate 77.5 per cent). The oro 
carried 24.7 ounces of silver and 0.017 ounce 
of gold to the ton. There was only 2.6 per 
cent of insoluble matter in the ore; sulphur 
amounted to 11.6 per cent and iron to 0.4 
per cent. 

The ore carries a little barite but no caJeitc 
except as a late product of oxidation. Dark 
cherty silica with Hakes of gold such as was 
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seen in the Victoria mine was not observed in 
this properly. 

Some of the ores have evidently had a long 
and complicated history of oxidation, which 
is not ensv to work out in detail. In some 
oi the siliceous ores u, considerable concentra¬ 
tion of gold and silver has taken place, but it 
is not probable that much lead lias been dis¬ 
solved and carried away fro in them. Clilorido 
of silver occurs in places—-for instance, on the 
1,200-foot level—but no silver untiiaonides or 
native silver lias been seen. 

VICTORIA MINE. 

[)ivtJjypaunhs .—The Victoria mine, owned by 
the Victoria Mining Co. until 1915, when it 
was purchased by the Magic & Blue Bell Min¬ 
ing Co., is on the northern slopes of Eureka 
Peak, in Eagle Canyon, about threo-quarters of 
a mile south-southeast of the town of Eureka, 
It lies south-southeast of the Euglo and Blue 
Boll mine, and the Grand Central property ad¬ 
joins it on the south, the Grand Central shaft, 
being three-quarters of a mile south of the 
Victoria shaft. The altitude of the collar of 
the Victoria shaft is 6,998 feet, or about 600 
feet above the town. The mine was not 
opened when the earlier examination of the 
district was made. 

The shaft is 1,200 feet deep, and dry. The 
workings extend 400 feet north and 1,100 feet 
south of the shaft, continuing northward into 
Eagle and Blue Bell ground and southward into 
Grand Central ground, the general trend being 
S. 20° E. Drifts have been turned on the 900, 
1,050, and 1,200 foot levels; the 600, 700, S00, 
and 850 foot levels are reached by raises from 
tlio 900-foot level. The 1,050 and 1,200 foot 
lovels connect with t he Eagle and Blue Bell 
workings. The 600, 700, and 000 foot levels 
connect with tho Grand Central workings, the 
900-foot lovcl of the Victoria corresponding to 
the 1,100-fnot lovel of the Grand Central. 

Tho production of the property has not been 
made public but probably amounts to about 
81,000,000; the order as to value of metal con¬ 
tent is silver, gold, lead, copper. Shipments 
of ore have averaged about 3 carloads a week. 
Much second-class ore remains in the mine 
awaiting better conditions for reduction. 

Geology .—All the workings are in tho Blue¬ 
bell dolomite, which ill the northern two-thirds 
of the property strikes N T . 30°-35° W. and 


dips mostly 50°-65°. NE.; at a few places the 
dip is steeper. In the southern third the strike 
curves to almost due north. The thin Victoria 
quartzite lies a short distance to the east, and 
beyond it extends the Gardner dolomite, but 
the eastern dip of these beds carries thorn 
beyond the easternmost workings of the mine. 

Several easterly faults or cross breaks have 
been observed, and on these the northern 
blocks, so far as known, are consistently thrown 
west, but the amount of displacement, is not 
great; these faults represent the dying end of 
the great, dislocations underneath Eureka 
Gulch. One such fault has been approximately 
located south of tho shaft on the surface, and 
sovernl are to bo seen in tho mine, but it is 
difficult without detailed examination to con¬ 
nect thorn with those on the surface. Ono of 
them, extending N. 72° E. from Lire vein and 
dipping 70°-80° S., is prominent on the 000 
and 1.200 foot levels southeast, of the shaft. 
Directly opposite, oil the west side of the vein, 
is another, which is exposed on tlie 900-ioot 
level and which strikes N. 72° W. and dips 
steeply to tho south, approximately in lino 
with the fault shown on tho map about 400 
foot southwest of the shaft. There ure also 
many dislocations trending N. 25°-60° E. and 
dipping from 80° NVV. to 4,5° SE. 

Ore deposits ,—No outcrops of ore are seen on 
tho surface along tho strike of tho vein. Iu 
general tho oro bodies trend N. 20° W., and 
the distance from the shaft to the most north¬ 
erly slope, at the Eagle and Blue Bell boundary, 
is 500 feet. The stopes at the shaft are below 
the 000-foot level, which corresponds to the 
1,100-foot level of the Grand Central mine, and 
are mostly on the 1,200-foot level. 

In a general way the oro pitches to the north, 
but in strike and dip it follows the stratification 
planes, with local enlargements and offshoots 
along the cross breaks. The most southerly 
and highest stupes on the 600 and 700 foot 
levels follow two parallel shoots about 100 foot 
apart which are the direct continuations of the 
ore bodies of the Grand Central mine. The 
two shoots are joined at one place along a cross 
break striking N. 50° E. 

The second group of stopes are 300 feet 
farther north, on the 700-foot level, and are 
bounded on the south by the N. 72° E. cross 
break. Hero ore has been stuped continuously 
for 400 feet, and in this distance it curves 
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from n northerly to a X. 2.5° E. trend and 
pitches northward, the north end of the. stupe 
lying on the 850-font, level. The width of the 
stope is 60 feet in the wiliest part. 

A small shoot lies 150 feet farther north on 
the 900-foot level along a series of northeasterly 
cross breaks that converge toward the south¬ 
west. About 100 feet to tho northeast, on 
the 1,050-foot level, ore of tho same, type hits 
been found, and this shoot has also been 
opened on tho 1,200-foot level. Tho ore from 
the south boundary to and including this 
shoot contains prominent shoots of ennrgito, 
but a few small shoots of galena have been 
found in the upper margins of sotr.o of the 
stopcs. 

Between this shoot and tho shaft, about 200 
feet southeast of the shaft, a valuable though 
small gold shoot was found on tho 1,100- 
foot level; it was 00 feet high and 6 “sets” 
(24 feet) square in cross section. It was an 
almost spherical mass of dark siliceous rock 
replacing limestone. The ore averaged 2 
ounces of gold and 2 to 3 ounces of silver to 
the Ion but. contained no lead or copper. 

East, of tho shaft great bodies of siliceous ore 
wore opened in 1912 and 1913, principally on 
tho 1,200-foot level, whore the shoot extends, 
branching toward tho northwest, for ISO foot 
to the boundary of the property. It evidently 
follows in part tho stratification and in part 
tho northeast and northwest cross breaks. 

As opened on the i ,200-foot lovol the first 
long body of siliceous ore is as much as 24 
feet wide and extends 30 /cot above tho level. 
At the north ciul of the workings tlio ore is 
30 feet wide and wholly siliceous, no galena or 
ennrgito showing at tho time of visit, in 1914. 
Since then this large body of siliceous ore has 
been found to continue for a considerable dis- 
taneo below and north of this level, in Eugle 
and Blue Bell ground. The contact of quarts 
and hard fine-grained limestone, which rarely 
shows stratification, is irregular but every¬ 
where sharply defined. At one point on tho 
1,200-foot level was noted the unusual occur¬ 
rence of n northeast fracture cutting across 
tho quartz und thus distinctly later. 

Tin' ore .-—The Victoria mine yields in genoral 
a highly siliceous gold-silver ore with hunches 
of copper ore and more rarely lead oie. 
The principal type, as shown in tho deeper 
workings to the north, is a fine-gia.nod, 


almost clierty quartz, in places with delicate 
agate-liko bonding. Extensive corrosion has 
produced irregular cavities in it, which are 
now filled wit1 1 white, coarser quartz, much of 
it dmsy and clearly crystallized in open spaces. 
Bunches of coarse-grained enargito are found 
in places, surrounded by an intergrowth of 
ennrgito prisms and quartz. A liltlo galena 
occurs along tho margins of the ore bodies and 
in sharp contact with unaltered limestone. 
Limonito and manganese dioxide nro widely 
distributed in tho ore but nowhere in largo 
quantities. 

Tho principal value of the. ore. is in gold, 
though much of tho ore is of low grade and is 
for the present, left in the mine; such ore runs 
from 87 to 819 to the ton. Much of tho shipped 
ore contains 0.5 to 5 ounces of gold and ns 
much as 120 ounces of silver to tho ton. 

Somo shipments averaged 1.5 ounces of 
gold and 20 ounces of silver to (lie ton and 
■4 per cent of copper hut no lead. Others have 
had a similar gold content but only 2 to 3 
minces of silver to the ton. Bundies of galena 
ore have yielded 20 per cent of lead and 0.20 
ounce of gold and 23 ounces of silver to the 
ton but no copper.' 

Somo of the galena ore on the 900-foot level 
contains much coarse spar of the ankerito 
type, but it occurs on separate fissures or on 
top of the whito quartz of tho second period 
rathor than actually intorgrown with galena. 

Barite is present in most of tho ore, though 
not in large amounts; it is associated with 
onargite. .\J1 the ore bodies are partly oxi¬ 
dized, but much galena and ennrgitc remains. 
Very little pyritc is seen, and that mostly in 
altered limestone rathor than in ore. Prob¬ 
ably some pyrito occurred in the ore hut has 
been thoroughly oxidized. The gold and silver 
are irregularly distributed; the silver is con¬ 
centrated in places as silver chloride, und the 
gold, at least in tho richer ores, is largely sec¬ 
ondary and forms little bright-yellow settles 
adhering to the surface of joints in the dark 
quartz, without being accompanied by limo- 
nito,manganese,or other ganguo. (Sec p. 177.) 

GRAND CXNTRAL MINX. 

Developments and production .—The Grand 
Central mine is on the steep southeast slopes of 
Eureka Peak. The altitude of the collar is 
7,149 feet. It is owned by capitalists of 
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Provo, Utah, who arc working it. under the 1 
nmno of tho Grand Central Mining Co. The 
several consolidated claims extend between tho 
Mammoth on the south, Victoria on the north, 
and Centennial Eureka on the norlinvest, and 
connections with these properties are made on 
several levels. 

The mine is opened by (lie Grand Central 
shaft, which in ION reached a depth of 2,300 
feet. A winze, extends down SO feet* from the 
bottom level, the water level having been met 
in the bottom. Levels are turned at 100-foot 
intervals. Tho workings, which aggregate 
many miles in length, consist of crosscuts and 
drifts on an eastern vein zone which extends 
due north from the Mammoth to the Victoria, 
anti of deep workings toward the west side 
which connect with the Centennial Eureka. 
Level 8 of the Mammoth corresponds to level 7 
of the Grand Central. The Victoria shaft is 
If,i feet, and the Centennial Eureka shaft. 202 
feet lower than the Grand Central. 

The total production is not made public, but 
as the mine has been worked continuously and 
with reasonable efficiency the total output may 
be estimated at about live times the dividends. 
Up to September 15, 1914, dividends of 

$1,602,750 had been paid. In 1914 only about 
2,000 Ions of ore was shipped. The ores carry 
mainly silver, gold, and copper, with some lead. 

At the time of the earlier report on the dis¬ 
trict the shaft was only 850 feet deep. 

Geology .—The vertical shaft is sunk in Opo- 
honga shaly limestone and remains in this 
formation to a depth of about 1,900 feet 
('' 1,800” level), where it enters the underlying 
Ajax limestone. The principal zone, of north- 
south workings is in the Bluebell dolomite, but 
some ore bodies along the West or No. 4 fissure 
ure in the Opohonga limestone, and tho lowest 
workings on levels 20 to 22 are in the Ajax 
limestone. At a distance of 750 feet N. 15° E. 
of the shaft on level 7 the contact of Bluebell 
dolomite and Opohonga limestone was nit., 
and this indicates a normal easterly dip of 
about 75°, 

The normal strike is X. l()°-20° W. and the 
normal dip 70°-S0° K., but both strike and 
dip are in places difficult to determine.on ac¬ 
count of tho abundance of fractures. There 
are also many local irregularities. Dips of 45° 
SW. are found in some of the upper levels. On 
level 7 in the crosscut from the shaft tho strike 


is N. 70° E. and the dip steep toward the north. 
On tho same level near tno Butterfly slope tho 
beds strike N. 10° W. and dip steeply toward 
the west. On level 20 dips of 30°-50° NNE. 
were observed, corresponding to tv similar 
position of the strata in the deep levels of the 
Opex and Centennial Eureka mines, farther 
west. 

The priaeipul ore zone follows prominent 
northerly fractures, which at. the Butterfly 
slope are intersected by an almost vertical 
fracture trending X. 30° E. The West or No. 4 
fissure also strikes X. 30° E., and west, of the 
shaft the Emerald-Grand Central fault zone is 
intersected on the deepest levels, where it 
shows at least three fractures trending N. 30° 
E. and dipping very steeply west-northwest. 
Minor fractures trend northwest, X. 60° E., or 
east. The ore follows the X. 30° E. and north¬ 
erly fractures. No igneous rocks were seen. 

Ore bodies .-—No outcrops of the ore bodies 
are visible on this property, and the highest 
workings are at level 4, near the Butterfly 
stopo. The ore comes into the property in tho 
Silvcropolis shoot, adjoining tho Mammoth at 
the southern boundary. This slioot begins 
near tho surface in Mammoth ground and forms 
a pipe pitching 70° NW., across the stratifica¬ 
tion, probably following the intersection of two 
fracture planes. Tho dimensions, though irreg¬ 
ular, are about 20 by 20 loot to 60 by 40 foot 
in horizontal cross section. This shoot crosses 
into Grand Central ground and continues, flat¬ 
tening somewhat, to levels 8 and 9. There 
it turns north, follows a steep fissure with the 
■same direction, and continues due north ap¬ 
proximately on the same level for 2,600 foot to 
the boundary of tho Victoria mine. At first 
this shoot. forms a series of irregular bodies con¬ 
fined between levels 7 ntul 8, then widening in 
the Butterfly slope to 50 or 70 feet, and extend¬ 
ing from level 4 to level 11. The Butterfly 
stop© lies at the intersection of a northerly and 
a north-uorthoastorly fissure, both of which 
are nearly vertical. North of tho Butterfly 
stopo the shoot continues in a horizontal direc¬ 
tion to the boundary line of the property and 
lies mainly between levels 7 and 10. A few 
hundred feet, north of the Grand Contra! north 
boundary the ore turns north-northwestward 
into a new series of bodies in the Victoria mine. 
Figure 31 shows a generalized longitudinal sec¬ 
tion along this eastern and tipper ore shoot 
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from the Mammoth on tho south to tho Victoria 
mine on tho north. 

Near tho bottom of the Butterfly stopo on 
levels 9 and 10 a now fracture, called tho West 
fissure, was encountered. This fracture strikes 
northeast or north-northeast and dips 7 ;t° 
NW. Several minor ore bodies Imvo been 
found along this fissure, beginning at tkolowor 
ond of the Butterfly stopo and continuing down ] 
to level 17. On level 18 a drift was extended 
south-southwest along this fissure and encoun¬ 
tered new ore bodies apparently not connected 
with the more northerly shoot just referred 


smaller shoots wore in general found between 
levels 20 and 22. 

On the whole, then, the upper ore bodies in 
tho (‘astern part of tho mine fellow north¬ 
erly fractures hut do not continue below level 
II. From level II to lovol 17, in this part of 
tho mine, the ore descended on a north-north¬ 
west orly fracture. In the western and deeper 
part of the mine the ore occurs mainly in shoots 
of horizontal trend along a series of north- 
northeasterly fractures. These shoots connect 
in a steplike manner, jumping from ono fissure 
to another, and locally following stratification 



to. Those continued down to levols 20 and 21, 
following the flattening dip of the fissure. This 
oro apparently trends northwestward and lies 
in the extension of the horizontal projection of 
the Silvoropolis column. 

In tl le lowest levols the dip of tho bods flattens 
to 40°-50° NNW. or NNE. Several smaller 
oro bodies nro found here, in part following the 
stratification, in part occurring on a series of 
north-northeasterly' fractures that are found 
at intervals in the same general northwesterly 
direction tip to the Centennial Eureka line. 
Some of these fractures evidently form part of 
the Emerald-Grand Central fault zone which 
is so well marked on the surface. These, 


planes, so that the ore ns a whole trends in a 
northwesterly direction. This ore practically 
continues to tho boundary line of the Centen¬ 
nial Eureka mine. 

The upper horizontal shoots between levels 
7 and 9 were tho richest in tho mine. A laree 
purt of the siliceous ore mined now as second- 
cluss oro was left in the stopes during earlier 
work. 

The ores.—On the whole the Grand Central 
ores contain copper, silver, and gold with a little 
lend; they are oxidized throughout, even in tho 
deepest levels, and carry abundant arsenates. 
Toward tho Victoria line, on tho north, they are 
highly siliceous; in the deepest levels the ore 
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contains much barite and Iimonite and is in 
general similar to the ore of the Centennial 
Eureka. 

Remains of sulphide ore are found at many 
places, howovor; they consist of enargite with a 
little pyritfl, galena, and chaleopyrite. Chal- 
cocilc and covellite occur in small quantities 
throughout the mine, and the development of 
these secondary copper sulphides is usually 
attended by a concentration of silver. Horn 
silver is probably common but is rarely visible 
to fho naked eye. Native silver was seen near 
the Butterfly slope. Vugs with small quartz 
crystals are common in the upper levels. C'ul- 
cito in scalertohcdrul and flat rliombohcdral 
forms was developed in the limestone and in (ho 
oxidized oro as one of the latest products. 
SUicided limestone usually surrounds the ore 
for a variable distance, but in tho deep levels 
on the west coarse limestone is found in dose 
proximity to some of the limonilic ore and 
locally forms boulders iii the ore. 

The ore mined is said t o have averaged about 
$7 in gold and 12 ounces of silver to tho ton; 
the tenor in copper is vnrinble, hut ihe average 
is probably loss than .3 per cent. The lend is 
irregularly distributed, and much of it was 
found near tho "casings” of tho ore bodies. 
The siliceous oro now mined from the upper 
levels contains 1 to 2 per cent of copper. Much 
low-grade ore remains in tho mine. 

MAMMOTH MINE. 

Location and development .—Tho Mammoth 
mine, a property of several consolidated claims, 
belongs to the Mammoth Mining Co. and has 
for many years been under the control of tho 
McIntyre family- It is in the upper part of 
Mammoth Gulch, on tho steep slopes leading 
up toGodivn Mountain, half a mile east of tho 
town of Robinson. 

Tho shaft (marked "Mammoth Hoist" on 
the map) is operated from a tunnel 211 feet 
below the collar, which lias an altitude of 7,052 
feet. The shaft is 2,100 feet deep, and a winze 
is sunk 200 feet below the bottom levc.1, making 
a total vertical dept h of 2,360 foot. Tho lowest 
level, therefore, lies at an altitude of 4,602 feet, 
or 100 feet lower than the bottom of the shaft 
of tho Centennial Eureka, There is no water 
in the mine. The deeper levels arc 100 feet 
apart., and (he workings extend mainly north 
and northeast of the shaft to a greatest dis¬ 


tance of 1,600 feet.. The total length of the 
drifts amounts to at least 15 miles. 

Tho ore bodies lie within 1,200 feet north nnd 
northeast of the shaft, on the Mammoth, Weld¬ 
ing, Golden King, and Silveropolis claims. 

Production .-—Tho mine has been one of the 
most productive in the district and is still ship¬ 
ping ore. Mining operations began in 1872 nnd 
have been continued almost uninterruptedly 
since that date. Tho total production up 
to 1913 amounted to approximately 402,095 
tons of ore containing 86.003,614 in gold, 
6,942,314 ounces of silver, 17,184,124 pounds of 
copper, and 17.670,05S pounds of lead, valued 
in ull at 814.660,197. The total dividends 
paid up to the end of 1916 amounted to 
$2,529,205. 

RoccDtly much low-grade ore has been 
shipped from the large dump of former years, 
lessees have been -working in various parts of 
the mine, and the underground operations by 
the company have been confined largely l o the 
new copper shoot, in the Welding claim. 
About 3,740 tons (748 cars) of ore was shipped 
to the smelter in 1914, From 1914 to 1916 
the total annual shipments of ore averaged 
from 0.14 to 9.2 ouuco of gold and 5 to 7 
ounces of silver to the ton, 1.8 to 2.5 per cent 
of copper, and less tiian 1 per cent of load. 

The ores contain chiefly copper, gold, silver, 
and lead. A characteristic of the mine is the 
marked segregat ion of ores into shoots of gold 
ore, lead oro, and copper ore, though of course 
the oro of each kind also contains other metals. 
Some of the ores were rich in gold, and the pro¬ 
duction probably averages not less than §15 in 
gold and 75 ounces of silver to the ton. 

During tho earlier years of the mine pnn- 
amnlgamntion was the process used for the 
recovery of gold and silver, but even then some 
base ores were shipped to smelters. At the 
present time all the ores produced are smelted. 

(?eo£o< 7 i/.—'The shaft is sunk in the Bluoholl 
dolomite and almost all tho workings are in 
this formation; some drifts, however, enter the 
Opohonga limestone on the west. No igneous 
bodies were observed on tho surface or under¬ 
ground. 

The strike of tho beds is north-northwest, 
changing to moro nearly north toward the 
Grand Central mine; tho dips are mostly 
65°-.85° E., but in places they diminish to 35° 
or 40°, In some of the lower worldngs the 
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strike swings more to the northwest or cv<«u 
N. 70° W corresponding t.o the easterly hon'd 
of the strata east and southeast of the shaft. 
At the new ore body on the Welding claim, 
SCO feet north-northeast of the shaft, a strike 
of N. 70° W. and a clip of to 5 NNE, wore 
noted on level S. On level 21, 800 feet nort h¬ 
west of the shaft, the strike is N. 00° W. and 
the dip 00° NNE. 

The geologic map shows that the beds south¬ 
east ot t.lio shaft are disturbed by several 
easterly faults, the general result being that 
the northerly blocks arc thrown to the west by 
dislocations whose horizontal component may 
amount to several hundred feet. 

Tire fissures that control the ore bodies trend 
in part northward, but the most prominent 
system strikes from 10° to 35° east of north. 
Two members of this fault system, striking 
northeast, are indicated on tho map. Very 
few of the fractures arc of postmineral origin. 

Tire limestone of the workings north-north¬ 
west of tho shaft, near the Silveropolis ore 
bod}', shows a remarkable crushed zone, 
locally known as ‘‘the dike.” The fragments 
form a loose breccia and may flow for several 
days after being opened in the workings. On 
level 4 the ore of the Silveropolis shoot passes 
through this breecintcd zone or mud dike, 
which in places is as much as 100 feet wide. 
It is difficult to form a conception of the form 
of this disturbed zone; it seems to be very 
irregular and is doubtless n very late post- 
mineral structural development. It is not 
accompanied by much faulting. 

Caves are found in places; one on the 1,350- 
foot level is 50 foot long, 25 feet wide, and 30 
feet high. They are distinctly postminerul 
developments. 

Ore b(xliis .—Several ore bodies have been 
worked; all of them cross the bedding und 
most of thorn arc determined by the intersec¬ 
tion of two or more fractures striking north, 
nort h-northonst, and northeast. The principal 
bodies are the Apex, Silveropolis, Golden King> 
and Welding shoots. The Apex shoot is 
largest and was the only one worked at the 
time of the earlier investigation. It crops out 
just south of the shaft aud forms a largo, 
chimney-shaped mass which in 1011 " ua 'y. e . 
exposed 100 feet below the surface, 
shoot goes down almost vertically and 
great dimensions on levels 15 and 16. 
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larger diameter trends N. 15° 10., nnd it con¬ 
tinues to level 21, where, however, it becomes 
of poorer grade. 

The general pitch is 70° NIC. but the- outline 
varies greatly, as shown by Plate XXXIII, 
adapted from Tower and Sinirli's report. 
Tho shoot Is evidently determined by the int er¬ 
section of n system of fractures trending north, 
north-northeast-, northeast, and east. Tho 
cross section is accordingly very irregular, nnd 
on some levels the shoot extends several 
hundred feel along northeasterly fractures. 
Its width is in places 100 feet. At. tho surface 
copper ores rich in gold were found; at middle 
depths of 1,500 feet a large lead shoot is 
recognized, adjoined by a gold shoot and, 
lower down, by a copper slope. On the lowest 
level the shoot is poor, though here, ns else¬ 
where, silicilied rook containing gold nnd silver 
extends on the north-northeast orly fissures far 
beyond the boundaries of the ore body. Some 
oro is also found on fissures extending east¬ 
ward across the main direction of the body. 

The uext large ore body, called the Silver¬ 
opolis shoo: (fig. 32), begins neur the surface 
550 feet K. 100° E. from the shaft, and {his 
also is located on a north-northeasterly fissure, 
which, however, dips 60°-S0° NNW. and 
which on level 4 intersects the fissure of the 
Apex shoot. This upper body of mixed ores, 
now mined out, is called the Cunningham 
slope. It continues with a slight, northerly 
pitch nearly to level 9, where it flattens out 
and is followed north-northeastward about 
horizontally on the corresponding levels of the 
Graud Central mine (fig. 31, p. 213). Drifts 
along fractures have boon oxtended from a 
few hundred to 1,000 feet north-northeast 
of the Cunningham stopc, but no ore boilics 
have been encountered. 

The third ore body is found on the Golden 
King claim about 1,200 feet due north of the 
shaft; the slopes, which lie between levels 5 
and 8, extend along a north-northwesterly 
fissure and lie close to the. Grand Central 
boundary line. 

The fourth group of ore bodies occurs 
entirely apart from the others, on the Welding 
claim. No ore crops out on the Welding 
claim, but a considerable body of oxidized 
copper ore was found on level 8 in tho southern 
part of the claim; the ore trends N. 30° E. und 
has been followed for 300 feet. It evidently 


216 


GEOLOGY AND OBE DEPOSITS OF TIXTIC MIXING DISTBICT, UTAn. 


occupies a fissure of the same system as those 
m tho Opohonga and Gold Chain mines; the 
ore is about 80 feet long and as much as 30 

w 


foot wide and lias been sloped between levels 
7 and S. The oro is cut off by a fissure trend¬ 
ing N. 60° W. nnd dippmg 45° SSW., but this 
intersecting fissure is clearly premineral, for 
a few sets above the level the ore goes through 


it. The same fissure is apparent on levels 12, 
17; 19, and 21. On level 19 a transverse body 
of gold ore follows tills fissure. No ore is 
known to occur on this 
shoot above level 8 nnd 
but little below it,. On 
level 22 some copper ore 
containing much gold in 
spots was found in a winze; 
this ore is said to follow 
the transverse fracture 
that cuts off the body on 
level 8. 

The ares .—The ores of 
the Mammoth mine vary 
so much that a brief ade¬ 
quate description, is diffi¬ 
cult, In general the ore 
is siliceous and contains 
more or less limonite; the 
ore of shipping grade is 
surrounded by a wide zone 
of fine-grained silieified 
limestone, and much low- 
grade ore of this kind re¬ 
mains in the mine. The 
ore has a leached appear¬ 
ance and a cellular, cor¬ 
roded texture, so that in 
many places, on the lower 
as well as the upper levels, 
little remains except a 
honeycombed iron-stained 
'material. Level 21, for 
instance, shows this tex¬ 
ture in a particularly strik¬ 
ing manner. The oxida¬ 
tion seems complete at this 
place, and the ore body 
looks exactly as in the 
most highly decomposed 
croppings, containing 
much limonite in cavern¬ 
ous and corroded quartz. 
Bunches of enargile and 
pyrite remain, however, in 
all the ore bodies at the 
surface of the Apex shoot, 
in tho Weldiug shoot, and in the deepest 
levels. 

Tho ganguc, as usual, consists of extremely 
fine grained silieified limestone, brceciated and 
cemented by a coarser but still fine-grained 



Figure 32.—Soetfcm showing StlvcropoUx shoot, Mammoth into©. 
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white quart/, that in places forms small druses. 
Barite is fairly abundant. 

All the ores contain gold, and some of them 
carry extremely rich spots where abundant fine¬ 
grained native gold is visible. The top of the 
Apex and the Silveropolis shoots were rich in 
gold, but the Welding shoot carries only $1 or 
82 to the ton. Part of the Apex shoot oil level 
15 was so rich in gold that it was designated 
the “gold slope”; it immediately adjoined the 
big lead slope. The gold ores are all liighly 
siliceous and associated with manganese diox¬ 
ide; in, the Silveropolis shoot there was much 
manganese down to level 6, and most of it was 
rich in gold. Barite containing native gold is 
reported from level 10. The poor and highly 
siliceous ore in the lowest levels of the Apex 
shoot contains gold as its principal vuhmhle 
constituent, with little silver and no copper or 
lead. 

Silver is present in all the ores. The Weld¬ 
ing copper ore on level 8 is said to contain about 
30 ounces of silver to the ton. The silver con¬ 
tent of the Silveropolis shoot varies greatly, 
ranging from 10 to several hundred ounces to 
the ton. The great lead body of oxidized ore 
in the Apex shoot was rich in silver and also 
contained a little gold. Horn silver is, no 
doubt, the principal silver mineral; argenfite 
may also be present, but it is rarely found in 
large amounts. Horn silver seems to have oc¬ 
curred mainly down to level 8 but is also found 
below that level. Some leaf or wire silver is 
also obsorved. On level 21, about S00 feet 
north of the shaft, toward the Grand Central 
ground, some very rich silver ore was struck in 
a flat ’‘talc” scam. Some of this oro assayed 
several hundred ounces to the ton, and several 
carloads of this rich material was shipped. It 
contained very little gold. 

Lead is present in small amounts as galena j 
or cerusite in most of the ores, but the princi¬ 
pal lead production of the mine came trom a 
part of the great Apex shoot. This load shoot 
was at its best close to the shaft on levels 13, 
14, and 15, t hough it extended down to level 17. 
Its greatest cross section was 100 by 150 feet. 
Much of the ore contained 40 to 50 per cent of 
lead. 

Copper is widely distributed and occur- 
mainly us arsenates, cnnrgite, and fainatimtc. 
The oxidation is not complete, and plentiful 
masses of cnnrgite remain. The arsenates are | 


abundant, and fine specimens of clinoclasite, 
olivenite. and tyrolito are found throughout, the 
ores. The gangue consists of fine-grained 
quartz and more or less abundant barite. The 
stopes in the Apex shoot were rich in copper 
from the surface down and extended vertically 
for many hundred feet. In the deeper levels 
a new copper ore body began just west of the 
shaft on level 16, but this body became poorer 
in the lowest levels; it contained maiidy oxi¬ 
dized copper ores with little gold but 10 to 12 
ounces of silver to the ton. The great Silverop¬ 
olis shoot contained siliceous copper ore rich in 
gold and silver, the content ranging from 2 to 
40 per cent in copper, S2 or S3 to several ounces 
to the ton in gold, and 10 to several hundred 
ounces to the ton in silver. During 1014 a 
stringer of rich bismuth ore, consisting mainly 
of bismuth arsonnto in yellow, ochery masses, 
was found in the copper stopes of the Welding 
claim on the 600-foot level. 

OPOHONGA MINE. 

The Opohonga mine is opened on a small 
claim between the Black Jack and Gold Chain 
properties. At one time the workings wore 
operated from the 300-foot level of the Black 
Jack, but lately the Gold Chain (Old Ajax) 
shaft 1ms been used, from which levels 3, 7, 
and 10 open the Opohonga ground. 

The country rock is the Opohonga limestone, 
which dips 30 o -45° E. and is partly meta¬ 
morphosed. The ore shoot follows one of tho 
north-northeasterly fissures and was first found 
on the 300-foot level of the Black Jack near tho 
boundary line, S50 feet east of the shaft. At 
this point a winze was sunk along the steep 
west-northwest dip of the fissure and followed 
the shoot to the 700-foot level. Below this 
level the dip of the fissure changes to easterly, 
and explorations are now in progress. There 
are several parallel shoots or nurrow parallel 
northeasterly fissures; all the shoots pitch 
northeast. 

The ore is siliceous und contains some barite, 
enargUc, and several arsenates, of which oliven¬ 
ite is most abundant. The ore shipped in 1011 
contained 0 2 to 0.S per cent, of bismuth, 0,3 
to 0.4 per cent of arsenic, 0.2 to 0.7 per cent of 
antimony, 7 to 10 percent of iron, and 52 per 
cent of silica. Tho principal contents of value 
were copper, silver, and gold. In 1909 the ore 
shipped contained S to 15 per cent of copper 
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and 9 to 20 ounces of silver and 81 to S12 
gold lo the ton. 

The Onohonga mine has been in successful 
operation since 1909 and yielded a heavy ton¬ 
nage in 1911 and 1912. I’p to January, 1913, 
it. had distributed dividends amounting to 
872,000. 

GOLD CHAIN MINE. 

History and developments.- -The property of 
the Gold Chain Mining Co. lies north of the 
Opohunga and is worked through the old Ajax 
shaft, sunk to a depth of 1.100 feet. A part 
of this property was first known as the “Cop- 
peropolis and the American Eagle,” later as 
tho Ajax mine, and it- is described by Tower 
und Smith under the latter title. The two 
companies are reported to have produced be¬ 
fore 1890 oro to tho net value of 81,000,000. 

Tho Ajax Mining Co. continued its opera¬ 
tions 1 through the old Ajax shaft to the 1,000- 
foot. level and shipped largo amounts of coppor 
oro up to J907, when 8,091 tons of low-grnde 
ore was shipped from cloan-up operations. In 
1909 tho Ajax, Cleveland, Pedro, and Gold 
Chain groups of claims wore consolidated under 
tho name Gold Chain mines. The shaft was 
sunk to a depth of 1,100 feot. but up to the end 
of tho year nothing of importance had been 
found in tho lower levels. In 1910 some copper 
oro containing considerable gold and a little 
silver was produced. In 1911 shipments were 
continued ami the property was developed to 
a depth of 1,290 foot. Operations and ship¬ 
ments continued in 1913 and 1914 but wore 
stopped in tho later months of 1914. Tho 
dividends paid by tho Gold Chain mines up to 
May 25, 1913, amounted to 8130,000. 

The gross vnluo of the total production of the 
Ajax and Gold Chain operations since 1899 
probably exceeds 83,000,000. Tho chief value 
of the ore is in copper, but the ore nlso contains 
85 to 810 in gold and as a rule not more than 
1(1 ounces of silver to the ton. 

The shaft is vertical and is sunk from the 
Ajax tunnel at a point about 400 feet from tho 
portal, tho altitude of which is about. 6,875 
feet, tho 1,000-foot level thus about corre¬ 
sponding to tho 1,100-foot level in the Black 
Jack shaft, which lies S50 feet to the south- 
southwest. Tho new Gold Chain workings are 

1 Tin* following hl»U*<onl doIm ano taken mainly from the r»|>ori« of 
V. C. lioikw* tn U. d, Gaol. ftimy JklLo&ml ftwourcxft, 1^6 am! Inter 

yuan;. 


; opened from a winze 220 foot deep from level 
10 west of the Ajax shaft and just about ver¬ 
tically below the mouth of the Ajax tunnel, 

Geology .—Tho country rock is mainly the 
Ajax limestone, but. the lower workings prob¬ 
ably descend into tho Opex dolomite. The 
Opohonga limestone is exposed on the upper 
slopes above the mine. The dip of the Opo¬ 
honga on the surface is 15°-30° NE., and 
Tower and Smith record a dip of 20 3 NE. on 
the 400-foot level. The Ajax limestone is 
slightly contact metamorphosed. 

The most persistent, fractures strike north 
and dip 70° W. to 90°. Others trend north¬ 
east and a few N. 55° W. 

Ore bodice. —Three ore bodies are opened in 
tiiis mine—the Hungarian vein, on the west: 
tho Ajax vein; and tho Gold Chain vein, on 
tho east. 

In tho earlier report • the following state¬ 
ments are given: 

Just, west of tho U. S. I.. M. No. I, at tho north end of 
the workings [that is, on the upper levels above the 100- 
foot level ], vein mutter is first noted that can be traced con- 
tinuoiLily to Ihe southern extreraity of the mine. * * * 
The first vein matter is found in a fissure striking X. 35° E. 
A short distance southwest it intersects a north-south 
fracture and following this south 75 feet turns into a X . 25° 
E. fracture, which it follows south 25 feet, only to return 
Lo a nortb-ai . (th. fracture. 

The workings then split, the cast branch 
continuing south for 400 feet with a few off¬ 
shoots on north-northeasterly fissures, and 
the west branch continuing south on northerly 
and north-northeasterly fissures, giving a gen- 
end direction of N. 10° E. 

In tho surface workings the mineralization 
generally extends north with offshoots on 
north-northeasterly fractures. Down to the 
400-foot level the hulk of tho ore has been 
found along the north-northeasterly fractures, 
though the ore shoot continues us a whole on 
the northerly fractures. 

Mineralization at the intersections of north, 
northeast, and N. 25 Q E. fractures has formed 
large bodies of ore with irregular boundaries, 
extending in many horizontal shoots along the 
stratification for considerable distnuces beyond 
the main mass of ore. 

Tho ore bodies of tho Gold Chain workings 
lie 700 t o 800 feot east, of the shaft; they appear 
to follow a zone of fissures that trends north- 


* Towr r, J. W. f jr., inti Smith, G. O., op. cit. # pp. 744-748. 
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northeast and is probably (lie extension of the 
Opohonga zone, 700 feet to the south. The 
Gold Chain ore was first, discovered on level 
3 ulong a cross break on the Dom Pedro 
claim that, continued east into the Dolly claim, 
where a fissure striking a little east of north 
was encountered. The ore body extended 
from level 3 to level 7, dipped steeply to the 
east, and is said to have been 100 loot long. 
The width was generally 15 feet or less but 
is reported to luivo reached 50 feet at one 
place. A raiso connects level 7 with level 10, 
and explorations below level 7 are in progress. 

The ores are largely oxidized in the upper 
levels, almost completely so, according to 
Tower and Smilh. In the lower levels the 
ore is partly oxidized and carries much euargite 
and olivonito; the proportion of copper to 
other metals is unusually large, even larger than 
in the Mammoth mine, and in places oxidation 
has segregated the metals in separate bodies. 

The ore shipped from the Gold Chain in 
1011 showed much quartz, with some barite, 
ennrgitc, und tennantito. Oxidized minerals 
were plentiful; among them were olivonito, 
malachite, tyrolite, conichnleito, and phar- 
nmeosider: tc. 

Some assays of the ore yield 0.6 ounce of 
gold and 2 to 14 ounces of silver to the ton, 
2 to S per cent of copper, less than 1 per cent 
of lead, considerable arsenic, 50 to 70 per 
cent of silica, 5 to 1 l per cent of iron, about I 
per cent o' sulphur, 0.5 to 1.7 per cent of zinc, 
and 7 to !2 per cent of lime. 

A third ore-bearing tissure, thought to bo 
the Hungarian vein (?f the Lower Mammoth, 
lies to the west of the shaft and the winze 
mentioned above is sunk on it- from level 10. 
Tins vein dips west, is about 5 feet wide, and 
carries load-silver ore of shipping grade. 

LOWEH MAMIIOTH MINE 

Location■ anil developin'^ t .—The Lowor Mam¬ 
moth mine lies just south of the town of 
Mammoth anil on the east aud southeast is 
adjoined bj r the Bluck Jack property.. The 
mine was opened by tunnel only at tho time o 
the earlier report, and a fissure vein has been 
found 650 feet from the portal, containing 
mu inly load and silver. 

Tho altitude of tho tunnel is 6,67S feet; the 
shaft is sunk 650 foot east-southeast from the 
portal, to a depth of 2,000 feet The drifts 
anti crosscuts aggregate several thousand feet- . 


The lower Mammoth ground is also opened by 
a crosscut on I lie 1,300-foot level of the Black 
Jack, equal to the 1,000-foot level of the Lower 
Mammoth, tho crosscut reaching both veins. 

Water stands a few feet deep on the 2,000- 
foot level. 

Geology .—The country rock is crystalline 
limestone ov dolomite of the Ajax and Opox 
formations. In part tho carbonate rock is 
strongly contact-metamorphosed, though sili- 
cato minerals are. rare. Tho mefamorpiiisni 
does not everywhere seem to be proportionate 
to tho distance from the contact. Whore 
bedding is visible it dips about 20° SE. The 
principal monzonito contact is crossed by tho 
drifts on the lower levels. A dike 25 feet wide 
was found in the tunnel 300 feel from the portal, 
and at 600 feet from tho portal there is a zone 
20 feet wide of crushed limestone, which is 
locally called ‘Mho dike”; this lias apparently 
no connection with the ore bodies. Very 
course crystalline limestone is found at tho 
shaft on the lower levels, ospeci ally in crosscuts 
toward t he west. 

Production,.- The total production from 1001 
to 1916 amounted to 44,493 tons of ore, which 
yielded 2,046 ounces of gold, 797,022 ounces of 
silver, 530,797 pounds of copper, 3,902,889 
pounds of lead, and 2.105,958 pounds of zinc, 
having a total gross value of §981,628. Much 
costly exploration work has been undertaken, 
and the dividends paid to the end of 1916 
amounted to §75,073. The output comprises 
mostly silver-lead ore and only a little copper 
and z:nc.. 

Ore borlus, —The operations have disclosed 
two veins 150 foot apart near the shaft, both 
striking a few degrees oust of north; so far as 
known they do not continue northward under¬ 
neath Mammoth Basin. The deposits are dis¬ 
tinctly replacement veins, stand nearly vertical, 
and do not spread widely along other fractures 
or along stratification planes. Outside of Lie 
ore shoots tho fissures aro inconspicuous and 
narrow, and many of them branch and include 
horses of limestone. 

The east or Hungarian vein has been opened 

300 feet north-northeast of the shaft by a drift 
from the C-oppcTopolis claim, in the Ajax 
workings, but apparently without yielding a 
production. 

Old workings from the 300-foot level down to 
the 1,100-foot, level disclosed long, narrow lead 
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shoots from 5 to 30 foot wide, sleep nt the top 
and flattening out below. (See fig. 33.) This 
deposit is now worked out, and explorations 
on the 1,300 and 1,700 foot levels have shown 
little ore below it, though the vein continues 
well marked,3 to 3 feet wide, and curries bunches 
of lead aud oxidi/.ed copper ore. Therearesaid 
to be sovera 1 northerly ore-hearing veins farther 
east, toward the Black Jaok line. 

On the west vein, almost opposite the shoot 
on the Hungarian vein, is another pipeliko 
shoot of lend ore Unit has neon followed from 
the 400-foot level to the 1,000-foot level, where 
it flattens out. Small bunches of ore havo been 


[ to the ton. No payment was received for the 
Ismail copper content. The oro in the monzo- 
j tiilo is distinctly different, changing gradually 
ut the. contact. It contains much pyrile and 
zinc blende and a little galena, with some 
ouargitu and tetrahedrite, in a gauguo of quart/., 
barite, aud, on the 2,000-foot level, a little 
oalcite. One shipment was made ot copper 
ore from the 1,700-foot level, in monzonile, 
and 33 tous of this ore contained 14 per cent 
of copper, 42 par cent of insoluble mat tor, 10 
per cent of uon, 3.5 per cent of “spews" 
(arsenides), 3.6 per cent of zinc, and 12 ounces 
of silver to the ton. 


found underneath it on the 1,200- 
foot level. The deeper levels 
down to 2,000 feet have not shown 
any large ore bodies below this up¬ 
per shoot. In depth the vein be¬ 
comes vertical or dipsslightlycast. 

The largest ore. shoot in llio 
mmi-was found on this vein in the 
1,600, 1,700, and 1,800 foot levels, 
500 feet south-southeast of the 
shaft. It is said that theshoo lex- 
ten d s from the 1,200-foot to the 
1,800-foot level. This shoot, the 
outline of which is shown in figure 
34, hasyiclded a bou 18200,000 not. 
Its valuable part lies along the 
mon/.ouite contact, though (lie 
vein cuts through this contact 
and continues in the mouzonite, 
where it is narrower but still of 
good value. The vein outside 
of the shoot is well defined and 
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straight and is marked ohiefiy 
by silicification spreading from a narrow fissure, 
in places there arc also limonito and xttoKn 
along the vein. During the writer’s visit in 1911 
the oro-bearing vein was traced carefully on the 
1,700-foot level across thecontftctaud for 50 feet 
into perfectly normal though soft and pyrith 
mouzonite. Here the vein is 4 to 6 foot wide 
anil contains several heavy stringers of oie. . 

The arc*. -In the lead shoots, which contain 
a trace of copper, the principal gar.gue minerals 
are silica and barite. Small bunches of oxi¬ 
dized copper ores were seen on the east vein on 
the 1,100-foot level. The large shoot on the 
west vein nt the contact averaged 825 •> 

and contained about 20 per con. o e*tc an< - 

ounces of silver and at least 0.03 ounce of gold 


The lead ore in the big shoot near the con¬ 
tact was largely oxidized. It contained little 
zinc, but recent examinations have .shown tlmt 
immediately north of this shoot tho altered 
and clayey limestone contains much zinc car¬ 
bonate, which bi places carried as much n.s 
33 per cent of zinc. 'Phis body of secondary 
zinc oro is no doubt tho result of migration 
from tho big shoot under the influence of 
northward-moving surface waters. Similar 
bodies of zinc oro have been observed 
from tho 1,300-foot to tho 1,800-foot level, 
extendiug back along the drift from 30 to 200 
feet from thostoped body of lead ore (fig. 34). 
These bodies ore up to 40 feet, thick but evi¬ 
dently very irregular. Most of this ore is of 
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lower grade containing only 10 to 15 per cent 
of zinc. According to 10. It. Zulinski 1 this ore 
also contains 1.5 ounces of silver and 20 to 20 
cents in gold to the ton and 0.5 to 1 per cent 
of lend. Shipments of ore amounting to 900 
tons from the richer part of this ore body have 
boon made. 

In the annual report of the company for 
ini-1 the partly developed zinc ore is estimated 
at 200.000 tons, having an average zinc, con¬ 
tent of 12 per cent. 

BLACK JACK MINE. 

Di'ixlnpmi nt. Extensive prospecting opera¬ 
tions have been undertaken in the Black Jack 
mine, owned by Jesse Knight and associates, 
of Provo, Utah. The shaft is at the head of the 
sou them branch of Mammoth Gulch, at an 
altitude, of 6,964 feet, according to surveys by 
the owners. It is 1,400 feet deep, and the bot¬ 
tom is dry, A tunnel 2,100 feet long extending 
norlh-northwcstward starts from Dragon Gulch 
near the North Star tunnel at an altitude of 
0,742 i'cot. and represents the second level of the 
shaft. Tho principal levels oro about 200, 300, 
1,000, 1,200, and 1.400 feet below the surface, 
the exact altitude of the lowest being 5,584 feet, 
or 1,381) feet below tho collar of the shaft. The 
total developments amount to 22,770 linear 
feet. 

On the 200-foot level Drifts extend 1,300 feet 
east into Opohonga ground and 600 feet north. 
'Idle 1,400-foot level extends 1,000 feet south¬ 
east and 1,500 feet east. On the 1,000-foot 
level explorations have also been carried nearly 
1,000 feet east. A winze has been sunk to tho 
1.600-foot level 700 foot southeast of the shaft. 
The mine was not in operation in 1911 nor in 
1914, so that few direct observations could he. 
made. Unfortunately those extensive explora¬ 
tions have not boon rewarded by the discovery 
of many oro bodies. 

Ufology .—Most of the workings are in the 
cont act-mcta morphosei 1 zone of the Opohonga 
ami Ajax limestones, which have a flat easterly 
dip, but. some of tho dril ts t o the west and south 
undoubtedly cross the monzonilo contact. On 
the 1,400-foot level the main porphyry contact 
was reached 450 feet southwest of the shaft. 

A few cross fissures trending N. 45°-70° E. 
are exposed; the largest one, which extends 
east of tho shaft on, tho 1.000-foot level, con- 

* fcnu* Min. Jour., Jurw 21, 1913. 


tains quartz with some silver and gold. A 
strong northwesterly fissure containing some ovo 
was followed on tile 400, 1,300. ami 1,400 foot 
levels and reached Lower Mammoth ground 
200 feet northwest of the shaft. This ore car¬ 
ries lead, silver, and a trace of gold, especially 
near tho Lower Mammoth; it is also said to 
carry pockets of native silver on the 1,300-foot 
level. 

The most pronounced trend of the fissures 
is north-northeast, with dips of 70° W. to 90°. 
Those fissures form a strong zone a few hundred 
feet east of the shaft across the Black Jack, 
Trail, Phoenix, ami Opohonga claims, and they 
pass into the Gold Chain property north of 
the Opohonga. They have been opened on the. 
200. 300, 1,400, and 1.600 foot levels. Most of 
tho Work is on the 1,400-foot level, on which the 
fissures have been followed for 700 feet south- 
son thwestwnrd from tho Opohonga boundary. 
Some ore is said to occur along the fissures, and 
much of the quartz carries some gold and silver; 
both copper and lead ores are also found. 

The limonite deposit a few hundred feet 
south of the Black Jack shaft is evidently super¬ 
ficial, ami it is said that, it does not continue 
down to the 200-foot level, which undercuts it. 

MINES OF THE GODIVA ORE ZONE. 

A series of largo ore bodies extend under tho 
eastern slopes of Godiva. Mountain and Mam¬ 
moth Peak. They begin at tho north end of 
Godiva Mountain with the deposits worked in 
tho Godiva mine; these extended 1,000 feet to 
th.u south. A few hundred feet to the east 
another series of deposits begin in the Uncle 
Sum claim of the May Day mine 1 and continue 
south into the Yankee and Old Humbug mines. 

At the north end of Godiva Mountain, which 
is made up of the Pino Canyon limestone, the 
Packard rhyolite flooded its slopes, and oven 
now, after deep erosion, thick remnants of this 
flow lie. up against tho limestone. The entrances 
to the Godiva and May Day mines are gained 
through a few hundred feet of rhyolite. 

godiva mine. 

The Godiva mine is at the north end of 
Godiva Mountaiu, and tho collar of the shaft 

1 The May TYvy mi nr '•ontnins workings Ui thft Lncle Sura iu! itac May 
D»;y elalp ", rmd on* r4 tb© wor’;irjif shull-s wiw forouTly cuik‘4 t ho Undo 
&>ra shaft. Tb© work Ires no (ho two Humbug -IiJois bavo bom umcr- 
ully known as the Humbug mini', but thl* mine a now owned by tho 
Undo -him Minim; Co. and Ii.uk b«vn rYnarocd thft Undo Gum min©. 
Tliia IslUoly loca-iv* :oniusioD unlovt the f^ctsatulcd tiro born© In mind. 
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• has nn alt itudc ol" 7,02.'. feel. 'Hu- depth j s 
about 900 foot, and nine levels are turned; n 
tunnel inlersee.ls t he shall on the 2()u-ioot lev*.] 
The workings extend almost duo north and 
south, reaching 500 feel north and 700 foot 
south of the- shaft, but do not generally eonrieet 
with those on the Uncle Sum claim (May Day 
mine), which lie only 100 to 300 feet to tho east . 
The properly was not worked in 1011 nor later 
except by lessees on u small scale. The total 
production has not been made public. 

The rhyolite and limestone eon tact lies close 
to the shaft, and all the lower slopes are occu¬ 
pied by the rhyolite. In several of the work¬ 
ings, notably on the 200, 500, end 600 foot 
levels, this contact is exposed (p. 180). The 
rest of the workings are in the Pine. Cunvon 
limestone, which strikes about N. 15° W. unci 
dips steeply oust. The principal fractures 
strike north and N. 30° YV. 

The ore bodies mainly follow the northerly 
fractures with some offsets along local cross 
Fractures. On the 100-foot level the slopes 
extend almost continuously for 300 feet north 
and 500 feet south of the shaft; they trend a 
few degrees cast of north and attain a. width of 
30 or 40 feet. The ore bodies are also foiuid on 
the 200, 400, and 500 loot lc\ els below the 
upper slopes, but they are smaller here and for 
the present development on the deep levels has 
ceased. Small and irregular ore bodies were 
found on the 200 and 400 foot levels respec¬ 
tively 100 and 400 feet west of the shaft. 

The ore is largely oxidized and consists 
mainly of ccrusite, anglesite, and galena; it 
contains comparatively little silver and is | 
said to average 9 ounces to the ton. 

TETRO PROPERTY. 

The Tcitro mine lies a quarter of a mile west- 
northwest of the Godivft shaft and is not on the 
line of any recognized channel. It is opened 
at nn altitude of 6,743 feet by a tunnel wlucli 
for 275 feet pusses through rhyolite. (See p- 
181.) The Totro workings connect with those 
of the Godiva on the 500-foot level by a shaft 
sunk from the Totro tunnel. Some minorulizcd 
ground showing a little silver has been fonru 
but no ore bodies. 

MAY PAY MINE. 

Development, yencral character, and produc¬ 
tion .—The May Day and Undo Sam claims are 
now operated by the May Day Mining & Milling 


Co. They are on the northeastern slope of 
Godiva Mountain a few hundred feet ousted the 
Godiva mine. In 1911 the property was 
worked both by the companies and by lessees, 
twelve sets of lessees being busy between the. 
tunnel levels and the 1,000-foot level. 

The mine is opened from the north by the 
upper and lower Uncle Sum tunnels, at alti¬ 
tudes respectively of 7,1 15 and 6,931 feet. The 
Uncle Sum .shaft is sunk from the upper tunnel 
level through ilie lower tunnel to a depth of SOI) 
feet: below the. bottom of this shaft the ground 
i is opened by n winze 300 feet deep. Tho May 
Day tunnel, has its portal at an altitude of 
7,142 feel, 800 feet east-southeast of the Unde 
Sam shaft, and 7S0 feet from this portal tho 
May Day shaft is sunk from tins tunnel level to 
n depth of 500 feet. The workings have a total 
length of many thousand feet. 

Tho mines are worked on the Godiva channel, 
which outers the property* at tho south corner 
of t he May Day claim and brandies to ( ho north 
into tho Godiva channel proper and a ••new 
channel” lo tho oast. South of tho May Day 
claim tho channel widens in (ho flat limestone 
country Kick to 200 foot and forms a network 
of flat, eastward-dipping deposits. 

Tho oro contains mainly' load, silver, and 
zinc, with only traces of copper. Tho load ores 
are in part oxidized and in part carry galena, 
but all the zme oros thus far worked nro 
oxidized. 

Tho production of tile May' Day from 1901 to 
1916 amounted to 95,2Sl tons of oro, which 
yielded 6,006 ounces of gold, 901,485 ounces 
of silver, 4,806 pounds of coppor, 25,726,743 
pounds of load, and 5,204,632 pounds of zinc, 
having a gross value of 82,230,102. In addi¬ 
tion to this quantity 15,500 tons of dump 
material was shipped in 1914, yielding consid¬ 
erable gold and silver. Tho Undo Sam and 
Humbug mines betwoon 1896and 1916, inclusive, 
produced 109,905 tons of oro, which yielded 
8,575 ounces of gold, 1,869,009 ounces of silver, 
17,277 pounds of copper, 213,770,545 pounds 
of load, and 384,323 pounds of zinc, having a 
gross value of $3,266,528. Tho dividends of 
tho May Day Mining Co. up lo 19] 6, inclusive, 
amounted to $300,000. 

G<al/)tj<j .-—Ori tho north and nortkeust tho 
Packard rhyolite is exposed and rests against 
tho limestone up to an altitude of 7.150 foot, 
so that tho lower Uncle Sain tunnel and tho 
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May Day tunnel outer in rhyolite, but within 
a short distance they cross the contact. The 
Uncle Sara shaft is sunk through rhyolite to n 
depth of .>00 foci. The country rock consists 
chiefly of the Pino Canyon limeslono in ft 
part of the Godiva svncline. The dip can not 
everywhere ho ascertained, hut. it. ranges gen¬ 
erally from 20°-30° E. or XU. Below the 
Pino Canyon limestone the workings enter the 
Gardner dolomite, which contains lenses of 
Mack abide. 

r |'ho only intrusive body thus far found in the 
limestone in these workings is a dike of rhyolite 
along the oast channel. On level h it lies 200 
feet west of the shaft and is Id feel wide; it 
has heeli followed for 300 foot, and toward the 
south the width increases to 100 feet. The 
same dike is found on the 200 and 300 foot 
levels. In the lurmol this dike has boon fol¬ 
lowed for about 800 feet. The dike dips steeply 
to the east, and the ore of the east channel lies 
in general below it. 

The mine is in genera! dry, even in the deep¬ 
est workings, but along the contacts of rhyolite 
and limestone there is a considerable seepage 
of water, rich in sulphates and unfit, to drink. 

Uncle. San> worHngs (May Day mine). —The 
upper tunnel, the portal of which is at the 
shaft, altitude 7,1 If* feet), is long and contains 
many of Lite earlier workings. About 330 feet 
southwest of the Uncle Sam shaft the crosscut 
reaches the line of Iho Godiva channel, which 
here trends northwest. The workings extend 
more or less continuously for 500 feet southeast 
of tills point. The level extends S00 feet 
farther south into unproductive territory and 
then bends east for a few hundred feet to reach 
the flat workings in the Humbug claim, also 
on Ilia Godiva dm mini. These workings are in 
part on Iho level of the (tide Sain tunnel hub 
mainly on the Yankee tunnel level (altitude 
7,010 foot). 

The old workings on the west channel evi¬ 
dently followed fractures extending north or 
north-north westerly. One of the s topes is 
100 feet long and as much as 40 feet wide and 
extended at most 200 feet below the tunnel 
level. The ore bodies reached up within 60 
to 1()0 feet of the surface—that is, about 
200 l’cet above the tunnel level—where they 
were irregular, steeply dipping shoots cutting 
♦ he stratification ami having a vertical extent 
of about 400 feet. Some galena ore was ex¬ 
tracted from the tunnel level in 1011. 


Tower and Smith ’ refer to one of the de- * 
posits as an irregular chimney, whose greatest 
width was 4 to 6 feet. Its course was north 
to northwest, and it pitched southeast at 
an angle of 50°. The ore, according to these 
authors, contained little blit galena, 2,000 
tons averaging 65.5 per cent, of lead, 2 per cent 
of iron, and 4 per cent of zinc, the zinc prob¬ 
ably in the form of oxidized minerals. The ore 
shoots arc sharply outlined, and the surround¬ 
ing limestone is little altered. 

Deeper workings. —The explorations on the 
deeper levels from the Uncle Sam shaft have 
failed to discover other ore bodies. On the 
Godiva channel small slopes are shown on the 
275-foot level. 

The principal workings of the lower levels 
arc on the ''cast- channel," which crosses the 
claim diagonally, trending north or north- 
norlkwest. The ore bodies are. best- seen 
on the 275 and 500 foot levels. A dike of 
porphyry lies olong this channel; on the 500- 
foot level it first appears 200 feet southwest 
of the shaft and can be traced for 300 feet. 
The dike dips east at a steep angle, and tho 
ore bodies lie below it. On the 500-foot level 
some galena ore is found along the dike, and 
below this lies some gold ore with much oxi¬ 
dized material containing iron and manganese. 

At the Uncle Sam shaft on the 700-foot level 
the limestone is breceiatcd and siliciiied, but 
ihis fractured zone is not in line with any 
known ore channel. This wide body of sili¬ 
ceous rock continues north-northeasterly for 
350 feet from the shaft, and a winze has been 
sunk in it to a depth of 75 feet, In places this 
material contains a little silver. 

On tlie 800-foot level extensive explorations 
have been carried out underneath the upper 
ore bodies. The country rock is the Gardner 
dolomite, lying underneath the Pine Canyon 
limestone, and the prevalent dip is 25° NE. 
About 350 feet north of the shaft a pipe of 
galena ore has been opened, and similar ore 
lias been picked up from a winze going down 
to the 1,100-foot level, the lowest in the mine. 
This is on the easterly branch of the Godiva 
channel. 

May Day worlclnya. —Tho May Day claim 
has been worked from the May Day shaft 
(altitude of collar 7.655 feet), which is 500 
feet deep, but it is now opened from the Uncle 
Sam shaft. A number of eastward-dipping, 

' Towtr, Q. W., Jr., ttn/1 Smilli, 0. O., op. oil., p. 750. 
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nearly flat ore bodies of galena have been 
worked here from above the 100-foot level 
down to the 400-foot level; they represent the 
northward eontinuation of the Godiva channel. 
On the whole the ore bodies pitch to the north. 

In L911 oxidized zinc ores began to be ex¬ 
tracted in the May J)av claim. The stopes 
then seen were on the 300-foot level, 100 feet 
below the lower tunnel, along the east channel. 
The zinc carbonate was lying below the lead 
3 to pcs and formed masses of replaced lime¬ 
stone 4 to 5 feet thick. The ore contained 
about 30 per cent of zinc and 1 ounce of silver 
to the ton; there was no gold and little galena. 
The change from galena to oxidized zinc ore 
took place gradually, and where lead and zinc 
were mixed the ore contained more silver 
than elsewhere. The lead shoots along the 
east channel were from 18 to 30 feet vide and 
contained heavy galena ore, mostly taken out 
about 1905. The m inin g of oxidized zinc 
ores has continued, and in 1913 Mr. Loughlin 
obtained the following data bearing on their 
occurrence: 

Zinc ores of the May Day mine .—The oxi¬ 
dized zinc ores of the May Day mine thus far 
worked lie both vertically beneath and also 
down the dip from oxidized lead stopes be¬ 
tween the 200 and 500 foot levels. Their geu- 
jral outlines are rouglily parallel to those of 
the lend stopes, but offshoots from them extend 
for short distances along prominent cross fis¬ 
sures. The main stopes at these cross fissures 
iave greater than the average thickness. In 
;ome places the lower and only partly oxidized 
margin of a lead stope merges into the upper 
part of an oxidized zinc ore body, and galena 
is mingled with smitbsonite and more or less 
calamine. Any zinc blende originally present 
irith the galoua in these places has been re¬ 
moved. In fact, no zinc blende has ever been 
noticed anywhere in the mine. This mixed 
jalena-smithsonite ore forms locally the hang¬ 
ing wall of the (purely) zinc ore. Other bodies 
nf liigh-grade zinc ore, including the most val¬ 
uable one, are found at considerable distances 
from the load stopes, though connected with 
them by fissures and by pipes of zinc ore. 

The zinc ore is found both in numerous small 
bodies along fissures and bedding planes and 
also in larger replacement bodies of irregular 
outline. (See fig. 23, F, p. 172.) The smaller 
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bodies are chiefly fillings or partial fillings 
without any conspicuous amount of replace¬ 
ment, along fractures or open bedding planes, 
and are quite as numerous in the hard fine¬ 
grained cherty limestone as in the coarse¬ 
grained limestone. The cherty limestone has 
in some places, where numerous open bedding 
planes or fractures made conditions favorable, 
undergone distinct replacement, leaving unre- 
placed chert nodules in the oro, but such re¬ 
placement bodies arc small and lie close to the 
openings. Intersections of fissures with one 
another, with open bedding planes, or with 
relatively permeable beds, ns well ns local 
openings along bedding planes of a permeable 
bed, have provided favorable places for tho 
formation of pipes of zinc ore. Tho ore in 
such pipes may have so completely filled the 
openings and replaced the adjacent rock that 
traces of tho courses followed by the waters 
depositing the ore are concealed, and the origin 
of some of the pipes would be a puzzle so far 
as evidence concerning them alone is concerned. 

The larger replacement bodies are, so fur as 
it has been possible to study their walls, devel¬ 
oped in the coarse-grained limestone. The 
largest body, which has thus far yielded most of 
the May Day zinc ore and which is now stoped 
out, is of generally rounded outline (fig. 23, F) 
and extends for a considerable distance across 
the bedding, suggesting that practically com¬ 
plete replacement had occurred in a place 
where the coarse limestone was rendered espe¬ 
cially permeable by fracturing and the openness 
of bedding pianos. Offshoots from this largo 
body follow bedding planes down the dip, 
either between eoarse-gramed strata or be¬ 
tween a thin fine-grained and a coarse-grained 
bed. Other replacement bodies were seen to 
end abruptly against limestone, save for a few 
thin layers that continued along the more open 
bedding plaues. 

The zinc ore was discovered on the tunnel 
level in the footwall of a lead stope and was 
followed downward along pipes and irregular 
veinlike bodies nearly to the 400-foot level, 
where it opened into tho large body. Tho huge 
body diminished downward to a thin streak, 1 
foot or less thick, which when seen (June 5, 
1913) was being followed along a bedding pluno. 

Lead carbonate stopes have been worked 
below the 500-foot level, but no systematic 
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prospecting around them for associated zinc the intersection of a scries of northerly frac- 
ore hod been undertaken up to June, 1913. tures with limestone beds suitable for replace- 
Three distinct varieties of the orehave been merit. From the point mentioned it has been 
mined—brown, iron-stained massive ore,mostly traced more or less continuously through the 
limited to the upper stopes; black, manga- Yankee and Humbug claims for 1,300 feet to a 
neso-stained ore, found mostly in the bottom point on the easterly dislocation which about 
of the zinc workings; and the gray, unstained coincides with the westward extension of the 
ore that has been found throughout the zinc Bullion Beck tunnel, and from this point the 
workings. channel is more or less continuous southward to 

Gold <yres .—Some of the iron-stained soft the Northern Spy, Carisa, and North Star, a 
material 1 to 2 feet thick lying underneath the distance of about 10,000 feet, 
leud stopes in the May Day claim contains 830 The workings in tbe Humbug and Yankee 



** South boundary Continues (n B*ck\ 

t oo o _IOC Feat tunnel ground 

VTtiURK 35,—IMan of workings nacir tho Humbug tunnol. 


claims occupy a width (in horizontal 
projection) of 100 to 300 feet and a 
length of about 1,000 feet. (See fig. 35.) 
They are chiefly on the Yankee tunnel 
level (ultitude 7,010feet) and the Uncle 
Sam upper tunnel level of the May Day 
mine (altitude7,105feet), though some 
of themdesccnd 200feet.below theYan- 
kee tunnel. The individual deposits 
reach200 or300 feet in length in ageu- 
oral northerly direction and are usually 
a few feet thick. Their origin is un¬ 
doubtedly connected with narrow 
northerly fissures in the limestone, but 
the deposits themselves follow tho flat 
bedding. Their lateral extent is rarely 
above 50 feet. 

Tbe Yankee tunnel extends through 
rhyolito for 300 feet from the portal and 
then enters the Humbug formation, 
which hero is nearly flat. (See section 
A-A', PI. V.) Before reaching the ore 
bodies the upper members of the Pino 
Canyon formation are cut, and the oro 
is probably wholly in this formation. 
The dip of tho strata is l(> o -30° E. 


to $70 a ton in gold and wns mined in 1911; 
this oro contains only 1) per eont. of lead, 
probably in oxidized form. Tho lend stopes are 
as much as 20feot wide and are in general on the 
beds that dip at moderate angles to the east. 

GOD1VA CHANNEL IN THE HUMBUG AND YANKEE 

CLAIMS (UNCLE SAM AND YANKEE MINES). 

Tho Godica channel loaves tho May Day 
claim utitssoutheast cornev, where leadstopes 
25 feet wide wore mined on the 100-foot level 
from the old May Day shaft. Underneath 
some of theso bodies of galena gold oro was 
found, consisting of a red or brown oxidized 
material. The ore channel owes its position to 


The oro bodies opened by tbe Yankee tunnel 
have been found in three “ channels"—the cast, 
west, and middle—-all connected by pipes. The 
east, and west channels are the same that have 
been described under the heading “May Day 
mine." They both follow distinct fissure-like 
northerly courses across the greater part of the 
property, the oro bodies lying mostly in hori¬ 
zontal position, with here and thero a down¬ 
ward pitch to the north-northeast (diagonally 
along eastward-dipping beds) between two 
horizontal portions. This attitude continues to 
a point southeast of the May Day’s southeast 
corner, ■where both channels turn northwest¬ 
ward, following gently dipping beds of coarse- 
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grained limestone, and are continuous with (ho 
flat stopes of the May Day. The bottom of the 
west channel shoot lies ulong (ho roof of the 
300-foot level. At the May Day line it extends i 
upward in pipe form, trending N. 15° E., pre¬ 
sumably along a cross break, and connects with 
the middle and east channels, meeting the lat¬ 
ter at the 225-foot level. 

The middle channel extends southeastward 
from this northeastward-trending pipe at (ho 
May Day line for 700 feet and pinches out bo- j 
fore reaching the south boundary of the Yankee 
ground. Its top is level with the bottom of the 
east chnnncl and lies 75 feet farther west. 

The west channel contained two rich shoots, 
one at the Humbug claim lino (No. 5 stope) and 
one near tho May Day line (Jewel Box stope); 
the latter was at the top or upper ends of the 
oro bodies. The minerals in these rich shoots 
were chiefly bora silver and cerusite, with a 
little galena and a quartz gnngue. The silver 
content ran up to 50 ounces to the ton. The 
ends of tho ore bodies, ou both north and south, 
were in quartz, but the sides were in vuggy 
limestone and were not sharply defined. 

The east and middle channels bad no extra 
rich shoots, but their good ores were practi¬ 
cally continuous and gave higher returns. 
The ore of the middle channel avoroged a 
little better than that in the east and west 
channels. The ore in the main ore bodies was 
& mixture of galena and cerusite. Smithsonite 
and calamine formed a bottom casing to the 
load-silver oro. 

The principal workings on the Humbug 
claims consist of a main tunnel (the “lower 
tunnel’') at an altitude of 7,355 feet, which 
extends into the mountain about 450 feet and 
is connected by two whizes with three sets of 
drifts along the ore bodies, on the tunnel level 
and 260 and 460 feet below the tunnel Two 
short tunnels, the middle and upper, reach ore 
above the main lower tunnel, and are con¬ 
nected with the main tunnel by a chimney¬ 
like stope. The surface rock is the Humbug 
formation, but the ore is found wholly in the 
upper beds of the underlying Pine Canyon 
limestone, the fop of which is cut 300 feet from 
the mouth of the lower tunnel and 160 feet 
from the mouth of the middle tunnel. The 
strike of tho limestone is north; the dip is 00 
E. or steeper along the western workings hut 
flattens to 30° E. along tho eastern workings. 


Ore is confined to the easily replaceable coarse¬ 
grained limestone beds, where they ore cut 
by northerly mineralized fissures. A fine¬ 
grained to denso cherty bed forms the exact or 
approximate footwall in places but appears to 
have been impervious to the mineralizing solu¬ 
tions. The covering of debris on the surfaco 
prevents an accurate determination of easterly 
or northeasterly faulting, but a fmdt trending 
N. 70°—S0° E., shown on the crest of Godiva 
Mountain by an offset of nearly 200 feet and 
approximately indicated by an offset in the 
boundary of the Humbug formation, is in line 
with a cross break in the mine. A second 
cross break, also trending N. 70°-S0° E. but 
with no proved displacement, extends across 
the south end of the property within 20 or 30 
feet, of the southwest corner. Fractures ex¬ 
posed underground trend north, east, and uorlh- 
east. 

Tho ore lies in two main bodies, the east and 
west channels, which may bo connected along 
a cross break close to tho south boundary of the 
property. The west channel or vein is a part 
of the mineralized zone which has been opened 
continuously from tho Cnrisa to the Godiva. 
It enters tho Uncle Sam ground about 160 feet 
north of the southwest corner of the property 
(Humbug No. 1 claim) and follows au average 
course of N. 10° E. as far ns the main tunnel, 
where it swings to a N. 30° E. direction and 
passes into Yankee ground. Its dip is about 
60° E. The workings throughout the greater 
part of the west channel were not accessible 
at the time of visit. Ore in the west channel is 
continuous horizontally from a point 100 feet 
north of tho property line iuto the Yankee 
workings and extends down the dip to a point 
60 feet below the main tunnel, a total of 100 
feet. The top of the shoot was discovered 
close to the surface, where it is covered by 10 
or 12 feet of cemented limestono talus. The 
shoot extends downward in the form of a pipe 
for about 70 feet and merges into the vein 
proper. The pipe lies approximately in line 
with the northern cross break. The upper 50 
feet of the pipe coutained horn silver (and 
argentiteJ), with little or no lead, in highly 
fractured limestone full of small vugs lined 
with colorless flat calcito rhombs. The silver 
was confined to a loose yellowish-brown sand 
in or beside the vugs, the inclosing limestone 
Hssaving no more than a trace of silver. 
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Quartz was practically absent. This ore was 
at first thrown on the dump, but in 1911 it 
was being screened and shipped. At the 50- 
foot depth lead, mostly the carbonate, with a 
little galena, became conspicuous, and farther 
down it gradually increased in quantity. At 
a depth of 70 feet the pipe merged into the 
main vein and quartz became the prominent 
gangue mineral. According to the earlier 
report 1 barite was present in the gnngue, but 
there was so little copper that no allowance 
was inudc for it in the market. 

The pay shoot in the west vein north of 
the pipe lies parallel to the strike and dip of 
the. country rock and pitches N. 30° E., ns 
if along the intersection of an eastward-dipping 
fissure with the coarse-grained limestone. 
South of the pipe and of the northern cross 
break the vein trends more nearly N. 10° E. 
and the pay shoot has a more nearly horizontal 
position, coinciding with the intersection of 
the. fissures and the bed, whose strike is 
practically due north. The pay shoot here 
pinches 60 feet below the main (lower) tunnel 
level, presumably where the 60° dip carries 
the bed away from the more nearly vertical 
fissure. The pay shoot in some places lies 
wholly within the coarse-grained limestone 
arid in others lies against a footwali of the 
dense black cherty limestone, but the exact 
location of these places was not learned. 

The east channel also lies parallel to the. 
bedding of the coarse-grained limestone, which 
here strikes north to N. 10° W. and dips 30° 
E. Whether the west and east channels lie 
on the same bed displaced by fuulting or on 
similar parallel beds could not be determined, 
but from the northward convergence of the 
two channels their location on the same bed 
seems probable. The trend of the east channel 
is about due south from the Yankee workings 
as far as the northern cross break. Hero it 
sends a branch, 50 to 60 feet wide, upward to 
the. west with a dip of 45°-50° E. for a vertical 
distance of 270 feet, its highest point lying 
about 130 feet below' the base of the west 
channel, which is about 150 feet farther west. 
Near the junction of the branch with the main, 
east channel was found a concentration of 
horn silver and avgentite in pipe form measuring 
50 by 20 by 4 feet, which yielded $100,000. 

The trend of the cast channel between the 
north and south cross breaks, a distance of 

1 Towxr, O. \V„ Jr., and Smith, it. O., op, oil., p. 750. 


nearly 400 feet, is about N. 10° W. Its average 
width along the dip is over 100 feet and its 
thickness 7 or 8 feet. At the southern cross 
break a second branch about 40 feet wide and 
extending upward in a S. 80° W. direction 
has been sloped for 300 feet or more and may 
join with the west channel, which lies about 
100 foot farther west. This branch shoot has 
yielded S500,000, half of which was paid as 
dividends. The ore is said to have been chief!}' 
fine steel galena with much silver in the upper 
portion and silver-bearing eerusito (lead car¬ 
bonate) in the lower portion, with a quartz 
gangue, 

At its junction with the southern cross 
break the east channel widens to 150 feet, 
assumes a S. 63° E.striko along a bed dipping 
30° E., and passes through the southeast cor¬ 
ner of the Uncle Sam into the Beck Tunnel 
ground. The workings are wholly in tho 
coarse-grained limestone. 

The ore that was mined in the east chaunel 
during the writer’s visit consisted of galena, 
rather coarsely crystallized, and cerusite in a 
gangue of mixed dark and white quartz. The 
white quartz is of later.origiu than tho dark 
and appears to accompany the ore minerals. 
The dark quartz was said to be lean. 

The output has all beeu silver and load. 
No zinc has been reported, but it would not 
be surprising if some were found at the bottom 
of the stopea beneath tho lead ore. 

ORE IN THE MAY DAY', HUMBUG, AND YANKEE 
WORKINGS. 

The ore extracted from the May Day and 
Yankee workings consists largely of galena, 
which is only partly oxidized. It is not very 
rich in silver, containing at most 30 ounces 
to the ton. In the workings on the Yankee 
and Undo Sam (Humbug) ground the lead 
ore may average 30 per cent lead and 55 per 
cent of insoluble matter, largely silica. The 
ore contains only traces of copper and very 
little barite. Some barite is reported from the 
ore on the Humbug claims. The gangue is 
fine-grained dark and white quurtz. Gold ore 
has lately been found in the May Day claim 
underneath the galena. This ore is soft, red, 
and oxidized; it contains much iron and man¬ 
ganese. and as much as 2 ounces of gold to the 
ton, though it averages considerably less. 

The lead ore contains but little zinc and no 
sulphide of zinc has been found in these work- 
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ings. The zinc sulphides have been oxidised 
and the easily soluble sulphate nos e(Toe ted 
large replacements of limestone near the 
lead stopes. The zinc carbonate ore contains 
at most 1 ounce of silver to the ton and usually 
30 per cent of zinc. 

Explorat ion in the Undo Joe claim, which is 
owned by the Chief Consolidated Mining Co., 
from tho May Day mine has recently resulted 
in the discovery of considerable bodies of lend- 


Thc country rocks include the Packard rhyo¬ 
lite, the Humbug formation, and tho coarse¬ 
grained and dense cherty beds of the Pine 
Canyon limestone. The rhyolite forms tho 
eastern part of the surface rock, its west bound¬ 
ary lying about, 90 feet west of the shaft. The 
shaft passes through rhyolite nearly to tho 300- 
foot level, and the rhyolite contact on this 
level is cut about 30 foot northeast of the shaft, 
striking N. 10 a W. and dipping 50° E. Another 


silver ore which probably form a southerly 
branch of the Godiva channel. 

In the southern part of the Humbug claim 
the ore of the upper workings was hugely 
oxidized and some of the bodies contained 
much horn silver; lower down coarse galena 
was found. These bodies lio parallel to the 
slope of Godiva Mountain and not fur under¬ 
neath tho surface. A little copper is contained 
in the Humbug and Yankee ore bodies, and 
the ore also yields $2 or S3 in gold to the ton. 

YANKEE MINE. 

The Yankee mine, owned by the Yankee 
Consolidated Mining Co., is ou tho east slope of 
Godiva Mountain north of the Uncle Sam 
property. Its office, tunnel adit, and shaft are 
close by the wagon road about a tliird of a mile 
south of KnightviUe. The larger stopes, which 
are near the surface and connect with those of 
the Humbug claim, are now practically ex¬ 
hausted. They yielded first-class ore running 
2S to 30 ounces or rarely as high as .50 ounces 
to the ton in silver and 25 to 30 per cent in lead 
and second-class ore running 10 ounces in silver 
and 10 to 15 per cent in lead. Besides these 
two grades, a low-grade milling ore that re¬ 
mained in the dump for some years found a 
market in 1911. Ore is hauled by wagou to 
the Denver & Rio Grande Railroad at Summit 
station. In 1912, considerable shipments of 
zinc ore, which underlies tho silver-load stopes, 
were begun. 

The underground workings consist of asha 
2,000 feet deep and a tunnel which is connect ed 
by an inclined winze with levels down to a 
vertical depth of 500 feet below it (600 Ll 
below tho. collar of the shaft). Tho stopes <■ 0 
not extend below this 600 -foot level. Prosp^' 
drifts from the shafts have been or are being 
run ou the 700, 900, 1,300, 1,400, 1,700, 1,9 > 

and 2,000 foot levels. 


porphyry” contact dipping 70° W. is said to 
he exposed at the east end of the 600-foot level 
but was inaccessible during the writer's visit. 
The rhyolite, ns in the neighboring mines, is 
strongly impregnated with pyrite and, where 
exposed underground, is coated with fine 
feathery crystals of iron sulphato. 

The Humbug formation is tho surface rock 
west of tho rhyolite and is cut by tho tumiel 
as far ns tho two short crosscuts (hut reach 
the top of the east-channel ore shoot. Its 
dip, as exposed in the tunnel, is nearly or 
quite flat (not over 20° E.) and proves it to 
be close to the synclinal axis concealed beneath 
the rhyolite. The true strike could not be 
measured but follows a north-northwest lo 
northwest direction. Several open vertical 
fissures trending X. 15° E. are cut along t he 
tunnel in the Humbug formation. The Pino 
Canyon limestone does not reach the surface of 
the property, but its upper portion contains nil 
the ore shoots thus far found, the shoots 
extending from its upper contact at the t unn el 
level (about 100 feet below tho shaft collar) to 
the 300-foot, level, an approximate vertical 
distance of 200 feet. 

The alternating bluish-gray coarse-grained 
and dense black cherty beds with an occasional 
light-gruy fine-grained bed persist to about the 
1,: 500-foot level, where the workings exposo the 
black carbonaceous bed, here 100 feet thick, 
tliut marks the top of the Gardner dolomite. 

A watercourse was struck along this bed, 
yielding 2,000 gallons in 24 hours, hut tho water 
is now piped down to the bottom of tho shaft, 
where it disappears. Another bed of similar 
character but much thinner is exposed on the 
1,800-foot level. The 2,000-foot level cuts a 
course-grained bed, partly dolomitizcd, which 
may be the same as the coarse-grained doto- 
uiitized bed near the base of (ho Gardner dolo¬ 
mite on the flat-topped spur west of Gardner 
Cunyon. 


230 


GEOLOGY AND ORE DEPOSITS OF TINTIC MINING DISTRICT, UTAH. 


Fissures trending about N. 15° E., many of 
them open or widened into small caves, are 
numerous, but no conspicuous faults have been 
proved. On tho 300-foot level 300 feet south¬ 
west of the shaft is a cave about 100 feet long 
and 20 feet high, whose major axis pitches 30 s 
or more in a northerly direction. Vein quartz, 
brecciated and recemented, lies along its east 
wall. At the 930-foot level at the shaft is 
auother largo cavo which pitches about 35° 
NNE. When visited it was largely filled with 
waste from tho lower workings (PI. XXXIV), 
but its original depth is said to have been at 
least 75 foot. Its roof is tho black chcrty thin- 
bedded blockv limestone, which evidently 
colic peed after the dissolution of some under¬ 
lying bed, leaving a jagged surface with no 
marks of corrosion. Tho shaft passes for 300 
foot downward from the cavo through loose 
rock to a point about 60 foot above, the 1,300- 
foot level, where it passes into coarse-grained 
gray limestone. 

Tho workings oi the Yankee mine on the 
Godiva channel arc described on puge 228. Tho 
prospecting operations from the deep shaft had 
for their purpose the discovery of the north¬ 
ward continuation of the Iron Blossom channel. 

Prospecting on the 400, 500, and 600 foot 
levels has found a few quartz veius of very low 
vulue hut thus far nothing of commercial 
grade. Tho south drift on the 600-foot level 
follows a fissure containing quartz and limonite. 
This fissure is vertical fur some distance, 
flattens to a dip of 45°, which it follows upward 
to the 550-foot level, and resumes a vertical 
course southward. A narrow quartz vein, 2 
to 3 inches wide, is said to follow the porphyry 
dike contact (now inaccessible) at the east end 
of the 500-foot level. It carries a littlo gold 
and silver but no lead. About 200 feet south 
of the vertical shaft a drift follows a noarly 
north-south fissure which carries black quartz 
with a littlo pyi'ito, copper stain, and a trace of 
lead. Its assays ran 40 to 60 cents in gold and 
half an ounce to I V ounces in silver to the ton. 
What is probably the same vein is cut on the 
400-foot level, 200 feet west of tho shaft. It 
(.lips 60° NE. and has been followed upward for 
JOO feet. Tho south drift on tho 400-foot level, 
100 feet west of the shaft, follows a narrow 
vein of dark quartz whieh is brecciated and 
recemented by white milky quartz. It has 
been followed for 500 foot in a northerly direc¬ 


tion stopping against the soft decomposed 
porphyry contact. It assays 81 in gold, and 
1 ounce (average) in silver to the ton hut con¬ 
tains no lead. Farther west brecciated quartz 
of the same typo lies along the east side of the 
cave on the 400-foot level. 

Since the mine was visited a mineralized 
quartz zone on the 1,900-foot level yielding low 
assays in lead, silver, copper, and gold, with 
iron and manganese, has been reported, and 
similar material without the copper has been 
found on tho 1,800-foot level. 1 A prospect 
drift on tho 2,000-foot level, headed for fhe 
ground beneath the gulch east of the shaft, to 
cut what is locally known ns the Great Eastern 
vein (Iron Blossom ?), has also exposed a vein 
of quartz, burite, and some calcite, with iron 
and manganese oxides and small quantities of 
lend, silver, gold, and copper. Assays snow an 
average of 8 ounces of silver and 80 cents in 
gold to the tori, with occasionally as high as 
112 ounces of silver and 8IS in gold. These 
local rich spots show prominent stains of mala¬ 
chite and nzurite, but the copper content is 
said to be only 0.5 per cent. Tho veiu ranges 
from u mere streak to 4 foot and follows an 
approximately east-west break. 

UTAH AND SIOUX MINES. 

From the Humbug tunnels southward to tho 
Northern Spy, a distance of 2,500 feet, tho 
Godiva ore zone has been followed more or less 
continuously. It has been worked from the 
Utah tunnel (altitude 7,318 feet.) and the Sioux 
tunnel (altitude 7,327 feet). Little work has 
been done along this line since the report of 
Tower and Smith was issued, and that report 
contains most of the available, information. 
The beds strike north, and the average dip 
along the ore zone is 45° E.: toward the west 
the dip steepens to 90° and toward tho east it 
lessens to 25° or even becomes horizontal. 
The best section is shown in the Sioux tunnel, 
which ut 370 feet from tho portal intersects tho 
Humbug formation of limestone and sandstone; 
beneath this it enters coarso light-blue lime¬ 
stone of the Pine Canyon formation and renches 
tho oro body about 550 feet from tho portal. 

The principal fractures, which are generally 
vertical, trend north, N. 15° E., N. 30° W., 
and cast. 

I Tho ore body is a flat shoot which rises gradu- 
I ally from the Sioux and Utah tunnels to a cul- 

! 


i Manager's report, printod In Salt Lake Min. Rev., Fob. 10, 1013. 
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minuting point 200 foot above the tunnels anil 
between them. South of the Sioux tunnel it 
keeps on the level of that opening. It follows 
generally a northerly direction; at manyplac.es 
it is offset on other fractures, hut prevailingly 
to northerly planes. Where it follows such 
planes the. ore body has generally a rather low 
dip to the cast, but ori cross fissures it is nearly 
vertical. The ore bodies of low <1 ip are mainly 
parallel to tho bedding. Presumably the ore 
solutions ascended in northward-trending fis¬ 
sures, but theso have not yet been found. Tim 
ore body is from 2 to 50 feet wide and forma 
chambers or irregular masses parallel to the 
stratification or tho fissnring. 

The ore is largely oxidized but contains some 
galena. The ganguo minerals are quartz and 
barite. Some copper is present ns ennrgiie and 
oxidized minerals, also a little gold. Banding 
by barite and quartz is mentioned by Tower 
and Smith, who also state that quartz is most 
abundant in tho centers of the ore bodies and 
that the metallic minerals occur mainly next to 
the walls. 

No explorations in depth appear to have boon 
undertaken in these mines. 

NORTHERN SPY AND CAR ISA MINES. 

Devdopmtnts .—'Die Northern Spy und.Cnr- 
isa minos are now worked together by the Carisa 
Mining Co. Tho only connection between the 
two mines, however, is on the 700-foot level. 
Tile two properties lio on the east and southeast 
slopes of Mammoth Peak, tho Northern Spy 
shaft at an altitude of 7,390 feet and the Carisa 
of 7,530 feet. Tho Northern Spy shaft is duo 
south of the Ilumhug and Utah tunnels and 
3,700 feet distant from the Utah. Its depth is 
900 feet and tho drifts are of great aggregate 
length. Much prospecting work has been 
undertaken on levels 7, 8, and 9, hut no large 
ore bodies have been found. 

The Carisa shaft lies 1,050 feet south-soul fa- 
west of the Northern Spy shaft. Tho water 
stands kneo deep in the ninth level, 800 feet 
below tho surface/ The long Sioux-Ajnx tun¬ 
nel connects with level 7 of the Northern Spj 

mine. • . , 

Since 1011 little work has been done in tnese 
properties. In 1911 prospecting was in pro¬ 
gress under the management of Grant Snyde - 

Tho two properties have yielded lead, silver, 
copper, and gold, but the total production b»s 


not been made public. The dividends of the 
Carisa Co. amount to S60,000, and the last 
distribution was made in 1906. 

Geology .—The geologic conditions nonr tho 
Spy mine are somewhat complicated. A few 
hundred feet north of the shaft the Humbug 
formation censes, and immediately north and 
above the shaft, the Pine, Canyon limestone is 
exposed, dipping about 20° _NNE. On the 
500-foot level the underlying Gardner dolomite 
is exposed, the characteristic black carbon¬ 
aceous bed of tho uppermost Gardner lying 25 
foot above the level northwest of the shaft . 

The area sout h of the shaft contains beds of 
the Bluebell dolomite. These beds have about 
tho same dip as those to the north of the 
shaft—20° NNE. 

A considerable dislocation, known as the 
Sioux-Ajax fault, separates tho two areas and 
antedates the mineralization. Tho vertical 
downthrow on tho north side is not less than 
1,500 foot. The fault is probably almost vor¬ 
tical, but tl»e throw is thought to ho distrib¬ 
uted on several planes. Owing to tho massive 
bedding it is difficult to place the fault accu¬ 
rately in tho mino workings. There has been 
much silicificntion at the intersect ion of the 
fault with the ore-bearing fissures, and the 
fault fissures are not conspicuous. Although 
tho general course of the ore channel was not 
interrupted by tho fault, the ore bodies north 
of it present a st rong contrast to those on tho 
south. 

A few hundred feet east of the Carisa shaft 
an irregular mass of inonzonite is contained in 
the Bluebell dolomito, which, in its vicinity, 
is strongly though irregularly marbloized. 
This small monzonite stock has been reached 
by the Joseph crosscut from the Carisa shaft, 
and two southward apophyses of it aro cut by 
the Carisa tunnel. A northerly ofFsbool of 
the sumo body has been openod by crosscuts 
on levels 4, 6, and 7 from tho Northern Spy 
shaft; it trends north, is as much as SO feet 
wide, and lies 300 to 400 feet east or east- 
northeast of the shaft. This dike bus no spe¬ 
cial influence on the mineralization. The 
porphyry contains finely distributed pyrito; 
on tho contact on level 4 there has been some 
mineralization, and oxidized non and manga¬ 
nese minerals appeal- in considerable quan¬ 
tity. It is stated that this materia] gives 
muximum assays of 2 ounces of silver and 40 
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cents in gold to the ton. On level 7 the dike 
is 80 feet wide and is 450 feet northeast of the 
shaft. The dike is not continuous, for imme¬ 
diately below this place on level 9 no intrusive 
rock was found. A large opon cuve was found 
on level 7 and extended about 150 feet below 
it. This cave was probably caused by solu¬ 
tion following breccialion effected by faulting. 
Oxidized copper ore was found in the vicinity 
of the cave. 

Ore bodies .—North of the shaft a flat lead 
stopo extends for about 250 feet, or to tho “old 
shaft/’ on the 100-foot level. Beyond this 
point prospecting operations have extended 
for 350 feet toward the Sioux workings. This 
ore body, which was mined long ago, was simi¬ 
lar in occurrence to those found in tho Hum¬ 
bug, Utah, and Sioux properties—that is, it 
it was formed by replacement in a coarse¬ 
grained bed of Lho upper part of the Pine Can¬ 
yon limestone along its intersection with a ver¬ 
tical fissure, which hore trends about N. 20° E. 
The ore contained galena and cerusito and was 
fairly rich in silver. South of tho shaft and 
tho fault tho ore bodies follow tho fissures in¬ 
stead of tho planes of stratification. Tho oros 
contain much copper, originally as enargite hut 
now partly oxidized; they also carry much 
barite. The fissures which carry the ore are in 
themselves inconspicuous, the ore spreading 
from thorn by replacement of the dolomito. 

Oxidized copper ores cropped out about 400 
feet south of the shaft along several fissures. 
These upper stupes did not continue down 
to level 4. The principal fissures trend N. 
20 ° E. and are nearly vertical. On lovel 
6 , 540 feet below tho surface, near the shaft, 
a body of copper ore was found, which con¬ 
tinued down to and below level 7; tho ore 
yielded 12 per cent of copper, much iron, 
little silver, and very littlo gold. In great 
part it was oxidized and contained copper 
arsenates in honeycombed quartz with some 
copper carbonates replacing dolomite. The 
ore contained no lend, hut at the north end, 
just about at. the fault, 1 ton of galena ore 
was found in the shoot. Silicified dolomite or 
limestone surrounds the shoot. 

Exploratory crosscuts to the east side lino, 
which is near the Iron Blossom ore shoot, dis¬ 
closed much “vein matter.and sificified lime¬ 
stone ” with low gold content. 

Carina mine .—The Carisn workings are con¬ 
tained in the Bluebell dolomite, perhaps also 


in tho Gardner dolomite, and the rocks are 
partly rnarbleized to a white coarse-grained 
rock known locally as tho “Carisa lime." The 
direction of the dip is difficult to ascertain. 
Shallow workings on coppor ore have been 
opened in the northern part of the property 
near the Northern Spy boundary lino. The 
principal ore body was mined from tho surface 
down to level 7. It follows a fissure that 
trends N. 20° E. The shoot is vertical at the 
surface and then pitches 45°-60° S.; at the 
deepest level (the ninth, equal to a depth of S00 
feet) it crossed the Boss Twoed and Victor end 
lines, about at tho boundary lino between the 
two. It did not, however, continue far down 
into these properties. This shoot or pipe had a 
length of 500 feet in horizontal projection aud 
was at tho most 50 feot wide. The ore was 
siliceous, containing gold, silver, and copper, 
and is said to have had a value of 360 a ton. 
In part it contained unoxidized enargite. 
Some of tho rich ore is said to have contained 
3 to 4 ouucos of gold and 25 ounces of silver to 
the ton and 10 per cent of copper. 

Tower and Smith' state that above the 250- 
foot level tho normal width of tho shoot was 3 
feet, hut that south of the shaft, at the inter¬ 
section of two fissures, it widened to 30 feet, 
tho outer portion consisting of rich copper ore 
and the interior mass, 20 feet wide, of almost 
pure barite. The ore contained, according to 
these authors, a little argontiferous galena, 
though copper largoly predominated. Oxida¬ 
tion was complete down to a depth of 100 feot. 

VICTOR MINE. 

South of tho Northern Spy shaft the Godiva 
channel turns distinctly south-south-westward 
and continues as more or less interrupted 
voins down into tho North Star property. 
Little work has been done in this pnvt of the 
district siuce about 1900. 

Tho Cnrisa copper shoot extended with a 
southwest pitch into the northern part of 
tho Victor Consolidated property but did not 
continue much below the 700-foot, level. 

Tho property of tho Victor Consolidated 
Mining Co. consists of three narrow claims, 
the Boss Tweed, Victor, mid Bed Rose, ex¬ 
tending side by side along the general courso 
of the veins. The Victor shaft (altitude 7,203 
feet), formerly known os the llod Rose shaft, 
is on the Red Rose claim and is Silt) feet deep. 


• Towor, O. \V„ Jr,, an<l Smith, <J. O., op. pH., p. 
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The Victor tunnel (altitude 6,909 feet) con¬ 
nects with the shaft. Near by is the Boss 
Tweed shuft, 200 feet deep, having an alti¬ 
tude at the collar of 7,104 feet. 

The country rock is metamorphosed lime¬ 
stone of the Bluebell dolomite and tho Opo- 
honga limestone, tho bedding of which i s 
obliterated. The principal fractures strike 
N. 35° E.; another system trends north. The 
oro follows these fissures, extending perhaps 
50 feet on a northeast fissure, then 10 feet on 
a northerly one, then returning to a northeast 
fissure, and so going step by step to the north- 
northeast. 

The. 300-foot level of the Victor was driven 
on a fissure that is ore bearing in places, to 
connect with the Carisa workings, on the north, 
where the largest ore body of the mine was 
encountered, partly on Victor and partly on 
Carisa ground. This body in places was 40 
to 50 feet wide. A little work was done on 
the five levels below tho 300-foot level, and 
small bodies of arsenical copper ore were 
mined. On the lower levels the vein was 
from 6 inches to 5 feet wide. 

At the. tunnel level on the Boss Tweed tho 
oro body dips 85° E. At 27 feet below this 
level it assumes a vertical attitude, which 
continues 50 feet, below which it dips 85° W. 
This oro body contains three shoots of rich ore, 
all of which pitch north at a low angle. Tho 
principal minerals are quartz, barite, enar- 
git-e, tetrahedrito, bismuthitc, and galena. 
Tho oro contains silver and gold, but copper 
is the most valuablo constituent. Barite 
occurs locully in great masses, several feet thick. 
The ores in tho tunnel are completely oxidized, 
but 100 feet below the tunnel level they aro 
but slightly altered. Bismuth is found as a 
yellow carbonate yielding as much as 42 pel* 
cent of bismuth. 

Apparently no deep exploration lias been 
undertaken in this mine. 

NORTH STAR MINE. 

The workings of the North Star mine lie 
southwest of the lied Rose mine, and the ore 
bodies along this part of the vein may in 
general be considered ns the most southed,) 
extension of the Godivu channel, rone Inn—, 

within 500 feet of tho limestone-monzonitc 

contact. , . 

Tho mine has been closed since 1900, ant 
the workings were not accessible in 1911. 


The shaft is in a branch of Dragon Canyon 
half a mile east of Diamond Pass and a quarter 
of a mile north of the Dragon iron mine, at 
an nltitude of 6,920 feet (6,938 according to 
the Iron Blossom surveys). A 900-foot tunnel 
(altitudo of portal 6,745 feet) opens the mine 
from the gulch to the east of it. Six levels are 
tinned, and the workings extend 500 feet 
north-northeasterly and 700 feet south-south¬ 
westerly from the shaft. On the 300-foot, level 
a long crosscut has been driven east under the 
Dragon veins, and the drifts extend far north 
and south. On the 600-foot level much pros¬ 
pecting has also been undertaken and long 
crosscuts run east and west. 

The deposit is contained in contact-meta¬ 
morphosed limestone of the Opohonga and 
Ajax formations, the contact between tho two 
being close to the shaft. Tho crystal lino lime¬ 
stone contains "much quartz, gurnet, and 
wollastonite, ” according to Tower and Smith.' 
The limestone is intersected by fissures; tho 
principal ones extend north and N. 25° E., 
but there are also many easterly cross fissures. 

The tunnel intersects the main contact of 
inoazonite and limestone not far from its portal, 
and according to M. L. Craudall, jr., a porphyry 
dike 100 feet wide is intersected 400 foot west of 
the shaft. 

On the surface an ore-boaring fissure has 
been traced for 1,500 feet, beginning at the 
gulch above the shaft, continuing south to the 
crest of the ridge, and thence trending south¬ 
west toward the mouzonito contact. This 
fissure is said to be vertical. No ore bodies of 
value have been found on it whero intersected 
by (ho 300 and 400 foot levels. 

Tho principal ore bodies extend just east of 
the shaft for 1,000 feet more or less conlinu- 
ously and apparently follow steep north-north¬ 
easterly fissures with many local offsets on east¬ 
erly breaks. The ore bodies wore irregular, 
us usual, varying in width from a more seam 
up to 30 feet; (he greatest, thickness usually 
uppeared at tho intersection of sevcrul fissures. 
The ore hodii's sloped do not seem to have 
extended far below the 300-foot level, nor more 
than 500 feet south-southwest and north- 
northeast of the shaft. 

The ore contained 1 quartz, barite, galena, 
cerusite, iron oxide, and enurgitc and its oxi¬ 
dation products; it also contained silver and 


' Tcwvr, 0. W. t Jr., and Smith, <1. O., op. rit., p, 746. 
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unusually largo quantities of gold—in fact, 
more than nay other mine of the district. 

The lower levels are said to show a greater 
amount of load nud silver and less barite than 
the upper levels. The gold is said to be clearly 
associated with the. fine-grained barite; coarsely 
crystalline masses of barite occur in the upper 
workings. The shoots arc said to dip west and 
pitch north. Of those, three wore distinctly 
gold bearing and one carried lead and silver. 
The copper was found at the south end of the 
vein. 

The total production from this small mine 
is said to have been $700,000, of which 60 per 
cent was in gold and the rest in silver, lead, and 
copper. This figure represents net value.— 
that is, gross value less railroad and smelter 
charges. 

aourvA one zone south of north star mine. 

The Godivu and Iron Blossom ore zones 
gradually converge near the monzonite con¬ 
tact, where they are a few hundred feet apart. 
The Godiva channel has not been traced to the 
contact, nor is its continuation found in the 
monzonite, though this rock contains several 
small, undeveloped veins which might be con¬ 
sidered to belong to this system of fissures. 

MINES OF THE IRON BLOSSOM OBE ZONE. 

PROPERTY OF BECK TUNNEL CONSOLIDATED 
MINING CO. 

Location and developments .—The property of 
the Beck Tunnel Consolidated Mining Co. cov¬ 
ers the north end of the Iron Blossom ore zone 
and consists of several claims on the steep east- 
mi slope of Godiva Mountain. It is controlled 
by the Knight interests. Tiro north end of the 
Eureka Hill Railroad passes through the prop¬ 
erty. The principal ore body, extending over 
a horizontal length of 1,000 feet, is now mined 
out. but exploratory work is still being con¬ 
tinued. Plates XXXV-XXXVII and figures 
36-43, illustrating the occurrence, nro bused on 
surveys by M. L. Crandall, jr. 

The No. 2 Beck Tunnel shaft is close to the 
railroad track at nil altitude of 7,033 feet (7,039 
feet according to the mine surveys) and is 1,140 
feet deep. Levels are turned at ISO, 300, 400, 
900, and 1,100 feet, and tiro principal ore bodies 


were found on the 300-foot level. Exploratory 
crosscuts have been run east and west on sev¬ 
eral levels. The other shaft, referred to as No. 
1, has an altitude of 7,079 feet and,is only 300 
feet deep, the principal level being turned at 
this depth. The old Beck Tunnel enters the 
side of the hill at an altitude of 6,626 feet, or 
about 400 feet below No. 2 shaft. The upper 
slope is explored by the Beck tunnel, which 
enters at the level of No. 2 shaft and conne.cts 
with the old Humbug (now Uncle Sam) work¬ 
ings. The La Heine tunnel, in which no largo 
oro bodies have been found, enters the side of 
the lull hetweon the two shafts and about 220 
feet above tho railroad track. 

Production. —The development and active 
working of the Beck Tunnel property falls be¬ 
tween tho years 1905 and 1913. According to 
figures compiled by V. C. Heikes, of the- United 
States Geological Survey, 43,931 tons of oro 
was mined during that time, yielding 4,547.37 
ounces of gold, 1,191,517 ounces of silver, 1,486 
pounds of copper, and 18,741,914 pounds of 
lead, having u totul gross value of ? 1,809,986, 
corresponding to about ?2 in gold and 27 ounces 
of silver to the ton and about 21.5 per cent of 
lead. From 1914 to 1916 inclusive the pro¬ 
duction has declined. The gold and silver con¬ 
tent has remained about the same, however, 
while that of lead has decreased and that of 
copper, though small, has increased (from 
0.002 to 0.08 per cent). 

Geology .—The principal formation exposed is 
the Pine Canyon limestone, and almost its 
whole thickness is penetrated by No. 2 shaft, 
which also at the 900-foot level enters the char¬ 
acteristic carbonaceous shales of the uppermost. 
Gardner dolomite and continues into the under¬ 
lying beds of that formation. Tho Humbug 
formation is exposed above, the shaft, but no 
ore occurs in it. The shaft is almost exactly 
in tho vertical axis of the main syncline of the 
district, the dips being gentle on both sides 
but becoming higher than 30° in the western 
part of the property. 

Two narrow dikes of soft, pyritic igneous 
rock, probably monzonito porphyry, were noted 
on the 300 and 400 foot levels. 

In the vicinity of No. 2 shaft the limestone is 
intersected by many fractures trending eust or 
N. 60° E. They are seen in the workings of the 
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mDie within 100 feet north rind south of No. 2 
shaft, in the workings of the upper tunnel, and 
in the ha Reine tunnel. The cross breaks 
trending N. 70°-S0° E. are indicated on the 
ideologic map (PI. IV, in pocket). There is a 
visible horizontal throw of 25 to 75 feet along 
the fault zone passing close by the Humbug 
(Undo Sam) tunnels; some dislocation has 
probably also taken place along the other frac¬ 
tures just mentioned, but the amount is not 
easily determined, owing to the uniform char¬ 
acter of the rock exposed. This fault zone has 
had an important influence oil the course of the 
ore-bearing solutions. 


and 20 to 70 feet wide from cast to west. The 
form is thus that of a horizontal pipe, which 
was followed in this property for 1,300 feet 
from north to south. It lies conformable to 
the bedding of a coarse-grained member of the 
upper part of the Pine Canyon formation 200 
feet below the Humbug formation and parallel 
to the horizontal axis of the synelinc, with 
which it almost coincides. Cross sections of the 
shoot are given in Plate XXXVII and figure 36, 
oud the horizontal project ion in Plate XXXV. 
The shoot is really considerably larger than 
the dimensions above given for masses of low- 
grade siliceous ore and silieified limestone ad- 


w. 



There are several fractures trending north, or 
N. 20° E., but none of them seem to be very 
strongly marked. Tho ore bodies south of the 
shaft follow a northerly fracture, but north of 
the fault zone, near No. 2 shaft, this fracture is 
not prominent. 

A large natural cave was found on the. 400- 
foot level just east of tho shaft; it is 100 feet, 
wide, 200 feet long, and iu places 150 feet high. 

Ore bodies .—Tho main shoot lies almost 
horizontal, following tho bedding, and extends 
northward. It was first found by a crosscut 
east from No. 1 shaft on tho 300 -foot level. 
This shoot has been mined almost continu¬ 
ously from a point 150 feet south of the 
shaft to tho boundary line of the Colorado 
Mining Co.'s property. It lies on tho whole 
150 to 300 feet below the collar of No. 2 shaft 
(PI. XXXVI) and is from 10 to 40 feet high 


join the slopes in most places. A short dis¬ 
tance south of No. 2 shaft the shoot meets the 
zone of easterly fractures and censes rather 
abruptly, the mineralization probably continu¬ 
ing on these cross fractures to the west and 
connecting with the flat shoots near tho Hum¬ 
bug (Uncle Sum) tunnels. (See PI. XXXVIII.) 
Little exploration work seems to have been 
undertaken to ascertain if the ore does not 
also continue on this zone of cross fractures 
to the east . 

Near No. 2 shaft the shoot is considerably 
higher than elsewhere and extends, including 
the silieified masses, from a point 100 feet 
below the shaft collar to the cave, or 400 feet, 
below tho collar. Whether the silieified zone 
on the 1,000-foot level has any connection 
with the upper stopcs can not be decided, 
owing to the lack of intervening developments. 
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There are seme indications that this horizontal 
shoot follows a vertical northerly fissure, but 
they are not strongly marked. 

The beginning of the shoot is seen on the 
180-foot level; for 100 feet from the shaft the 
drift is in course limestone without plain 
bedding, und beyond tliis is a bunch of cellular, 
low-grade siliceous ore, some of which has been 
stoped; there is also some ore on the 125 and H5 
foot sublevels nnd a little on the 300-foot 
level immediately below the slope on the 180- 
foot level. Farther south the ore on the 180- 
foot level develops in flat slopes, which on the 
west gradually turn up to easterly dips of 
20°-25°. About 300 feet south of the shaft 
a winze goes down in solid limestone to the 
260-foot level, and the explorations on the 400- 
foot level seem to show that there is no ore 
in this vicinity below the main horizontal 
shoot. Near No. 1 shaft the ore pipe drops 
gradually to nil altitudo of 7,780 feet, but 
witliin a short distance it rises to the same 
level, 7,840 feet, which it had in the northern 
part of the shoot. In the crosscut from No. 1 
shaft to the ore (ionise limestone alternates 
with fine-grained beds. 

The ore.—The ore mined in the main shoot 
consists of galena and load carbonate in a sili¬ 
ceous ganguo, with some limonite, manganese 
oxide, moro or loss barite, and films of horn 
silver. An avorago of tho ore mured shows $2 
in gold to tho ton, or much less than farther 
south on tho same ore zone, 27 ounces of silver 
to tho ton, and 21.5 per confc of lead; thoro is 
practically no copper. Some of the ore con¬ 
tains as much as 84 in gold, nnd 40 or 50 ounces 
of silver to the ton und 40 to 50 per cent of load. 
Many local bunches of silver chloride wore on- 
countered. Tho low-grade siliceous ore, of 
which much remains in tho miuo and which 
iirccuinpnnios and surrounds the heavy lead 
ores, carries 4 to 5 por cent of load and perhaps 
10 onneos of silver nnd 81 or 82 in gold to the 
ton. 

In general tho silicifiod limestone is fine 
grained, more or loss broeoiutod, and corroded. 
A hit or while drusy quartz with very small crys¬ 
tals tills tho cavities, and this later quartz 
seems to ho associated with most of the ore 
minerals. Much ot it is honeycombed and cel¬ 
lular, indicat ing a removal of some constituent. 
Near the outside of the ore bodies there aro 
greater or less amounts of oxidized iron and 


manganese minerals, and silicifiod limestoi 10 
begins along the bedding planes. Very little 
galena was seen in the old slopes. 

In tho tunnel connecting with the Uncle Snl» 
(Humbug) workings tho oro occurs in the bed¬ 
ding plunos of the Pine Canyon limestone, 500 
1 feet west of tho main shoot but at about the 
same horizon, and also on the N. 60° E. cross 
breaks, of which many aro found in this vicinity • 
Thoro 1ms boon little silicification along tho?o 
breaks, hut they show much caleite and dolo¬ 
mite. In tho oro along the beds coarse galena 
predominates, accompanied by culcite and 
somo loose and cellular silicified material. Ore 
from this place was shipped in 1911. 

PROPERTY OK CO 1 . on ADO MINING CO. 

location nnd development .—The property of 
tho Colorado Mining Co. adjoins that of the 
Bock Tunnel Consolidated Co. on tho south and 
lies on the steep northeast slope of Sioux Peak. 
11 contains tho continuation of tho Iron Blossom 
oro shoot, mined for 1,300 feet in tho Beck 
Tunnel proporty, and tho oro has been, followed 
practically continuously through the property 
for 2,500 foot. Tho two shafts aro close to tho 
railroad spur, No. 2 has an altitudo at the collar 
of 7,102 feot (7,110 feet by tho mine survey), 
and No. 1 of 7,137 feot (mino survey). No. 2 
shaft, the more northerly, is 300 foot deep; No. 
1 shaft 500 feot deep. The mining operations 
huvo consisted cliiefly in following the well- 
defined ore channel, which here lies a little 
deeper than in the Bock Tunnel property, 
averaging 300 feet below tho surface. The 
linear developments in the mine aggregate 
14,000 feot. Crosscutting oast and west has 
boon done from No. 1 shaft on the 250 and 500 
foot levels without disclosing any ore, hut no 
deeper exploration has boon attempted—a fact 
which seems singular, considering the groat 
production of tho company. 

Production .—The Colorado Mining Co. pro¬ 
duced 10S,939 tons of ore between 1907 
and 1913, containing 20,676.76 ounces of 
gold (8427,424), 4,SS9,S32 ounces of silver 
(82,708,976), 15,665 pounds of copper, and 
4S,171,127 pounds of lead, tho whole having a 
gross value of 85,275,085. The ore thus aver¬ 
aged about $4 in gold, and 45 ounces of silver 
to tho ton, 0.14 per cent of copper, and 45 per 
cent of lead. The production has declined 
considerably since 1913, although 1916 showed 
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a marked increase over the two preceding 
years. Trie content of gold, silver, copper, 
and lead during t,he three years 1914-191(3 has 
decreased, but zinc, first produced in 1911, has 
attained considerable importance. 

Geology .—The geologic, conditions arc very 
similar to those in tho Beck Tunnel property. 
Both shafts are sunk in the Humbug formation 
but enter the Pino Canyon limestone nt a depth 
of 60 to 80 feet, and the ore horizon lies about 
160 foot below the contact or at an altitude, 
about 100 feet higher than near No. 2 shaft in 
the Beck Tunnel property. The ore continues 
to follow the almost horizontal axis of the syn¬ 
cline, and the dips are generally less than 10° 
E, or W. A smull area of rhyolite rests on tho | 
limestone below the No. 2 Colorado shaft. The I 


last paragraph its bottom attains an altitude of 
6,900 feet. Near the Sioux line tho oro shoot 
uguin sinks to the 6,850-foot level; whether or 
. not there is a dislocation at this place can not 

( he definitely stated. The stopes range in 
width from 20 to 60 feet, and their horizontal 
outline as seen in Plate XLXI indicates the 
appearance of the ore body in cross section. 
The height of the stopes increases toward the 
south. Near No. 2 shaft few of them are over 
20 feet high, but in places the Horn Silver and 
Spunish Fork stopes reach 60 feet; near the 
Sioux line, however, they again become lower. 

The ore .—The ore in tho Colorado mine con¬ 
tains on the average much more loud and silver 
than that of the Beck Tunnel property, but its 
general character is very similar. It contains 
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ortherly fissures that are followed by the oro 
ody are a little more prominent than in the 
Seek Tunnel property. There are several 
poss breaks of little importance, but 400 feet 
orth of No. 1 shaft a brccciated zone crosses the 
ro body, and along this zono the oro body ap- 
eors to have been downf aulted on tho north side, 
large cave 200 feet long and 30 feet liigh oc- 
lpies the oro horizon below No. 1 shaft, but its 
svelopment is a comparatively late feature. 
Ore body .—The oro zone continues as in the 
eck Tunnel propert 3 r , forming a horizontal 
po in tho upper part of the Pine Canyon 
uestone and trending almost exactly north 
r.2,500 feot across the Colorado property, 
s northerly part lies at an nltitude of 6,850 
et, but south of the break referred to in the , 


much carbonate, in part massive, in part 
sandy, nnd some residual masses of galena. A 
little copper begins to appear in the ore. There 
is some zinc blende in the galena, though most 
of it is converted to calamine and smithsonite. 
A small pocket of oxidized ore averaging 15 to 
30 per cent zinc was opened in 1915. The oro 
is highly siliceous in places—for instance, in 
tho Horn Silver stopes—and here the per¬ 
centage of load may be very low. 

Tho published annual report of tho company 
for 1911 gives the following details: Oro mined, 
19,210 dry tons; average gold per ton, 0.17 
ounce: average silver per ton, 31.87 ounces; 
load, 10.18 per cent; gross value per ton, 
$25; smelting and transportation per ton, 
S9.27; operating costs per ton, 83.79. 
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Dark silicificd limestono surrounds the oro 
shoot; its greatest extent is in a horizontal 
direction along the bedfling planes; in places it 
logins 30 to 50 feet away from the oro pipe. 

The largo cave contained much lead carbon¬ 
ate and kidneys of galena and was evidently 
caused by the solution of part of tho limestone 
surrounding the ore. 

PROPERTY OK SIOUX CONSOLIDATED MINING CO. 

Location and development. —Tho Iron Blos¬ 
som ore channel continues from the Colorado 
mine into the property of the Sioux Consoli¬ 
dated Mining Co. and lias been mined without 
interruption from north to south. The total 
length in this property is only 650 feet. 

The Sioux shaft has an altitude of 7,180 
feet at the collar and is about 500 feet deep. 
Developments are chiefly on the 300-foot 
level, though a crosscut 1,000 feet long has 
been extended west, on tho 200-foot level 
without finding new ore. There are shorter 
crosscuts eastward on the 300, 450, and 500 
foot levels. Tho mine wus worked princi¬ 
pally between 1008 and 1912. 

Qeolorpj and ore. bodies. —The geologic features 
are very similar to those of tho Colorado mine. 
The shaft is sunk in the Humbug formation 
hut. remains in it only for about 120 to 150 
feet, and the bottom of tho ore channel lies 
about 200 feet below the contact of the Hum¬ 
bug formation and the Pine Canyon limestone, 
Tho beds He nearly horizontal. The bottom of 
tho oro channel or pipe hus un altitude of 
6,850 feet; tho south eud is a little lower, or 
ivt about 6,830 feet. 

The ore body uvoraged about the same as in 
the Colorado mine hut was in many places 
100 to 150 feet wide; its height was about 20 
feet but increased to 40 feet near the southern 
boundary. Tho tonnage produced was largo, 
though not as large as that of the Colorado, 
and the ore averaged $3.50 in gold and 35 
ounces of silver to the ton, 0.26 per cent of 
copper, and 35 per cent, of lend. 

Where inspected, at the north ond of the 
property, the ore was flat, 30 feet high, and 
contained a great deal of galena and carbonate 
and sulphato ore. An excellent, opportunity 
was afforded here for studying the processes 
of oxidation of galena (p. 174). Both conrso 
and fine grained (steel) galena occurred at 
the west edge of the lead shoot, and at this 
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I place there are large masses of silicified lime¬ 
stone. The east side of the channel is 40 feet 
lower than the west side, indicating the slight 
easterly dip of the beds. In this silicified 
limestone are scattered bunches of wliite 
crusted quartz, but the bulk of the rock is 
fine grained or chcrtv and dark gray. If 
contains a little silver but is not considered 
even low-grade ore. 

Tho ore is so similar to that of the Beck 
Tunnel and Colorado mines that no descrip¬ 
tion is necessary. In the southern part of 
the Sioux ground the ore becomes very sili¬ 
ceous, with great amounts of wliite loose 
sugary quartz, evidently produced by leaching 
and crashing of celhdar and honeycombed ore. 
Rich horn silver oro occurs in places, also 
much breccia of dark silicified limestone 
cemented by cellular quartz, each division 
coated with late quartz crusts of small crystals. 

PROPERTY OK IRON BLOSSOM CONSOLIDATED 
MINING CO. 

Location awl development. —The property of 
the Iron Blossom Consolidated Mining Co. ex¬ 
tends for 3,200 feot along the Iron Blossom oro 
zono, on the steep oasterlv slope of Mammoth 
Peak. Oro has been mined almost continu¬ 
ously through the ground from tho Sioux lino 
on tho north to the cud lino of tho Govomnr 
claim on the south. The direction of the ore 
zono is N. 20°-30° E. 

Two shafts open tho property. No. 3 shaft 
is in tho northern part of tho area mined and 
hus an altitude at tho collar of 7,179 feet; No. 1 
shaft, 2,300 feet farther south-southwest, has 
an altitude of 7,275 feot (7,293 according to the 
mino surveys). No. 2 shaft is shallow and of 
no importauco. 

No. 3 shaft is vortical and is 590 foet deop, 
and a winze from t hat level extends to tho 680- 
foot level. The ore bodies lie mainly on tho 
3S0 and 480 foot levels, along which tho prop¬ 
erty is opened through its whole length. Sev¬ 
eral crosscuts oxplore tho country rock on the 
east for a few hundred foot. No. 1 shaft is also 
vortical and reaches a depth of 1,900 feot. The 
principal dovolopmouts are on the 500 and 600 
foot levels. Tho 600-foot levol continues south 
through tho Govomor claim, and a long drift 
south on tho 1,900-foot level parallels the Gov¬ 
ernor sido line but lies within tho Iron Blossom 
property. Crosscuts from 500 to 800 feot long 
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tend west on the 200 and 500 foot lcvols and 
st on the 700-foot lovel. The developments 
gregate about S miles. 

Water stands on level 19, though this is 
obably not the true water level but only a 
ral accumulation. 

Production .—'Hie Iron Blossom mine entered 
3 ranks of the producers in 190S and has 
co continued to be one of the hoariest ship- 
:s of ore in the district. The total produc- 
n, from 1908 to 1916, inclusive, amounted to 
),457 tons of ore, which yielded 66,174 
ices of gold (81,367,817), 10,689,487 ounces 
silver (86,055,203), 2,804,689 pounds of eop- 
•, 50,284,075 pounds of lead, and 124,114 
inds of zinc, making in all a gross value of 
',208,434. 

"he ores comprise medium-grado lead ore 
h gold and silver and siliceous gold-silver 
with little or no lead. The ore shipped 
Ided an average of S4.45 in gold and 32 
ces of silver to the ton, 7.5 per cent of 
l, and 0.25 por cent, of copper, 
n 1914 about 50,000 tons of ore was shipped ^ 
a great tonnage of second-class ore remains 
the mine. Dividends of 82,170,000 have 
a paid by the company up to October 26, 
4 . 

eology near No. 3 sftajt .—The principal de- 
t enters the Iron Blossom ground from the 
lx under conditions entirely similar to those 
ie Sioux mine. No. 3 shaft is sunk wholly 
tie Pine Canyon limestone, the collar being 
a few feet below its top. The ore body 
about 300 feet below the contact of the 
> Canyon and Humbug formations; and 
aally the bottom of the shaft, 590 feet be- 
the collar, should be in tbo same formation, 
ital thickness being about 1,000 feet. The 
near the ore body are about 20° E. 
sss than 200 feet south of the shaft the 
s enter tho great Sioux fault zone, here 
it 300 feet wide. In this disturbed zone 
inds of faults abound, northerly as well as 
>rly; the dips increase locally to 40° and 
60°, and the carbonaceous beds at the top 
ie Gardner dolomite appear in small fault 
cs in tho fault zone on the 300-foot level, 
in the crosscut to the southeast of the 
bot level, indicating a vertical maximum 
v of about 800 feet in this port of the fault 
The faulting also finds expression in the 
ralization by ox tensive silicification and m 


the disposition of the ore bodies, although theso 
are later than at least tho principal fault 
movements. 

South of the fault zone the ore body con¬ 
tinues in a straight line for a long distance and 
assumes more clearly the outline and charac¬ 
teristics of a replacement vein. The horizon of 
the limestone is not definitely determined. It 
is the Bluebell dolomite on the surface, which 
would indicate a total vertical displacement of 
1,500 feet across tho fault zone. The end of 
the 380-foot level in 1911, 1,200 feet south- 
southwest of No. 3 shaft, was still in greatly 
disturbed limestone with several northerly 
fissures. 

Several dikes of u greatly altered porphyry 
appear in the workings of No. 3 Iron Blossom. 
On tho 380-foot level one dike about 10 feet 
wide lies in the disturbed zone and has a 
strike parallel to that of the main faulting, or 
N. 70° E. Oil the, 4S0-foot level this dike is 
not found, but a fuulted block of porphyry lies 
along the main drift 100 feet south. The con¬ 
ditions hero suggest post-intrusive faulting. 

On the samo level a dike hus been struck in a 
crosscut 550 feet east-southeast of tho shaft 
und another in a crosscut 1,200 feot south- 
soutimesfc of the shaft. Theso intrusives are 
probably monzonite porphyries but are not 
easily recognized, as they are extensively 
replaced by sericite and calcite and contain 
; small crystals of pyrite. They do not contain 
oro, though in places iron-stained siliceous low- 
grade ore lies along the contact of dike and 
limestone. No dikes show on the 580-foot 
level. 

A large cave was found in tho southern part 
of the No. 3 workings. It is 250 feot long, 40 
to 60 feet wide, and 10 to 20 feet high. It lies 
about parallel to the ore body and just above 
it. Its outline in longitudinal section (PI. 
XXXVI, in pocket, resembles the section of a 
bowl. At the bottom of the cave is some car¬ 
bonate ore showing copper stain, and this 
material is in part stoned. The walls of this 
cave were coated with snow-white botryoidul 
masses of calcite and beautiful arborescent 
growths of tho same mineral. In places the 
calcite was covered by needles of aragonite. 

This secondary calcite contains no oro minerals. 
There is littlo doubt that the cave has been pro¬ 
duced by the oxidation and siuinkago of tho ore 
body below it. 
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Ore bodies and ore in No. 3 Iron Blossom.— 
From the Sioux mino tho ore body continues 
for 250 foot horizon hilly in the Iron Blossom, 
but its width is as much as 170 foot; it is from 
20 to 00 feet thick, growing thicker toward the 
southern end. The ore (Pis. XXXV and 
XXXVI, figs. 38 and 39) lies on the west¬ 
ern limb of the synclinc, and its extension 
is parallel to the beds so that the dip of 
the body is 13°-20° E. The south end is rot 
only thicker but also has sagged 50 to 70 feet. 
This ore body is in general surrounded by the 
coarse limestone, and comparatively little silici- 
fiod material is seen outside of it. 

FEET 
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quartz and streaks of more compact quartz, 
fa places there is much horn silver. 

This ore body terminates rather sharply 400 
feot south of the shaft, and beyond it the drifts 
| enter a wide silicified zone iu which there is 
little ore but a great deal of black silicified and 
cherty material hreceiated by small veins of 
quartz and barite. On the 3S0 and 480 foot 
levels the drifts traverse tiiis siliceous ma¬ 
terial for 400 or 500 feet; on the 4S0-foot level 
600 feet southeast of the shaft the gray lime¬ 
stone is sharply cut off by what appears to be 
one of the principal fractures of the Sioux 
fault, here trending N. 70° E. On the 580-loot 
level there has been much less 
silicifi cation. 
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Figure ds. rro^MfcUcm Lii rough Ixoo Blossom shaft No. 3 aJofctf line C-C% Pluto XXXVI, 


South of tire fault zone the oro 
lies mainly below the 380-foot 
level instead of above it. The 
first mass encoimtered, 600 feet 
south-southeast of the shaft, is 
a transverse body (PI. XXXV) 
trending nearly east for 160 feet 
und extending 50 feet above aud 
60 feet below the 480-foot level; 
the slopes then turn and continue 
for 1,000 feet south-southwest, 
about 20 to 30 feet wide and in¬ 
creasing in height to lOOor 150 feet 
above the 480-foot level. They 
assume more of a vein form, and 
the vein dips steeply to the west. 

In this vicinity two more veins 
appear, one of little value on 
the west side and another con¬ 
taining a good hody of lead ore 
(mixed carbonate and galena) on 
the east side. This "east vein" 


Tho ore in this shoot—practically the end of has indeed been traced a fewhundred feet north 
the horizontal pipe in Pine Canyon limestone— of the section shown in figure 39 and is of con- 
wns on the whole of siliceous character but con- sidemble value in Iron Blossom No. 1. 
tained in places much lead carbonate with resid- The principal stopes contain sugary quartz, 
iml kernels of galena. The dark gray cherty locally with barite plates, bunches of Hmonite, 
silicified limestone is extensively brocciated and cerusite, and galena. The lead minerals ap- 
coinonted by loose sugary quartz with druses of pear mainly in the upper parts and on the sides 
small quartz crystals. Much of the oro is of of the stopes. There is no dark silicified lime- 
thisaugury character and locally contains plates stone surrounding the stopes, which ore, on the 
of barite. The oro does not contain much iron contrary, inclosed by little altered limestone or 
or manganese, although it is stained brown in dolomite. The principal value of the ore is in 
many places. On tho whole the carbonate and gold. 

galena oro lies on top of the siliceous ore. There are two main classes of ore in the 
Marked horizontal banded structure is shown stopes of Iron Blossom No. 3. The lend ores 
in places, curbonato oro alternating with sugary range from 5 to 15 per cent of lead and 20 to 40 
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ounces of silver and S5 to S6 in gold to the ton. except in the 1,700-foot level, at the south 
The siliceous ores contain 60 to 80 per cent of face of which, not far from the station, eoarse- 
silica, 1 per cent of lead, and 20 to -10 ounces of grained metamorphie limestone appears. The 
silver and 85 to 56 in gold to the ton. bedding is Hut and the dip east or northeast at 

The published report of the company for 1914 gentle angles; well-bedded limestone is shown 
gives the tonnage from No. 3 shaft during that on levels 5, 6, 7, 8, 11, and 17. The strata of 
year at 24,029 tons, averaging 12.40 per cent the lower levels belong in part to the Opohongu 
. of lead, 0.7 per cent of copper, and 31.77 ounces lime-stone, which has indeed been definitely 
of silver and 0.1495 oimce of gold to the ton. identified on level 5 south of slope 4 and also on 
Geology at Iron Blossom No. 1 shift. —Al- level 7, 400 feet cast of the vein, 
though the two parts of the mine opened by Dikes were observed nt many places. Tire 
No. 1 and No. 2 shafts are now connected, it tunnel equivalent to level 2 enters in mon- 
seems best to describe them .separately. zonite porphyry, which continues up to the 

No. 1 shaft is sunk at 


a point near Sioux Pass 
and its collar is ahout 
100 feet above that of 
No. 3. It is in tho crys¬ 
talline nnd contact-meta¬ 
morphosed Bluebell dolo¬ 
mite nenr its contact 
with mon zonite porphyry. 
In this vicinity there 
is considerable difficulty 
in identifying the sedi¬ 
mentary formations. 
The bedding is indis¬ 
tinct but generally 20°- 
30° NE. Tlie monzo- 
nite porphyry is probably 
intrusive but shows tran¬ 
sitions into rocks that 
are surely effusive. The 
shaft begins in a small 
outcrop of altered rhyo¬ 
litic rocks, which here, 
as shown on the map 
(PI. IV, in pocket), 



separate the monzonite porphyry from tho vein near the shaft. The crosscuts 200 to 400 
dolomite. feet west of the shaft on levels 2, 4, 5, and 17 

An isolated area of monzonite, about 800 by cut several dikes of monzonite porphyry, most 
500 feet, running out into dikes at its south end, of which contain much calcitc and scattered 
is contained in the dolomite north and north- small crystals of pyritc. One of these dikes 


northeast of the shaft; the nearest outcrop on level 17 extends north for 200 feet and is 8 
of this rock lies 200 feet north of tho shaft, feet wide. Several of tho dikes appear to 
Tiro shaft is 1,900 feet deep nnd in limestone have been faulted. Along the vein, both north 
throughout, but the several formations are and south of the shaft, a few small dikes of 
difficult, to identify; tho strata show none of monzonite porphyry have also been observed 
the coarse-grained limestone characteristic of and generally strike north-northeast. A long 
the upper Pine Canyon, or of the carbonaceous crosscut, on level 7 encounters monzonite 
shale of the upper Gardner. Most of the porphyry at the face, S00 feet cast of the shaft., 
rock is dolomitic and fine grained. There is which shows that the limestone surface slopes 
not much evidence of contact metumorphism below the porphyry of the surface at an augle 
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that is not steeper than 45°. On levels 2 and 
7 the main porphyry contact, is vertical along 
fissures, a fact which probably indicates post- 
porphyry faulting. The impression gained 
is that the porphyry is intrusive into the lime¬ 
stone. 

Mr. Crandall writes, under date of Novem¬ 
ber, 191.4, of an interesting cave recently 
found in the ore zone on level 5 of the Iron 
Blossom No. 1. This cave lies in the ore-bear¬ 
ing zone and is 70 feet long. 5 to 10 feet wide, 
and 3 to 10 feet high. The roof is inerusted 
with small ealcite crystals, some oxidized cop- j 
per minerals, small stalactites of limonitc, 
and masses of limonite with rhombic cavities 
(probably casts of gypsum crystals). On 
top of the loosely compacted material that 
forms the floor arc several largo, masses of 
gypsum, both crystallized and massive, with 
small inclusions of limonite. One mass mea¬ 
suring 5 by 7 by 12 feet is composed largely of 
long, slender crossing and interlocking prisms 
of gypsum, some of these crystals are 12 to 17 
inches long. 

Ore bodies and ore near No. 1 shaft. —In the 
southern part of the territory opened by No. 3 
shaft the horizontal ore pipe assumes gradually 
the character of a vein. Near No. 1 shaft 
this becomes more strongly marked, os shown 
in figure 40. Nevertheless the principal ore 
bodies lie at about the same level as farther 
north—that is, on levels 5 and 6. The figure 
also indicates by dotted lines the outlino of 
the vein matter and siheified limestone. On 
the lower levels the vein contracts sharply and 
is not definitely traceable below level 11. Its 
width ranges from a few feet to 70 or 80 feet. 
The vein stands nearly vertical or dips a few 
degrees to the west. The ore is of the same 
siliceous and cellular character as in No. 3, but 
contains much more limonite and shows plen¬ 
tiful copper stains. 

From the shaft the ore body is roached by 
easterly crosscuts about ISO feet in length. 

The outcrop of the vein docs not show on the 
tuff ridge northeast of Sioux Pass, but silicificd 
and iron-stained croppings appeal 1 iu a pro¬ 
jecting tongue of limestone near tho shaft. 
The vein apparently cuts across the monzonito 
porphyry but is not clearly shown. South of 
the shaft it again enters tho limestone. On 
level 2 the voin. lies at the vortical contact of 
limestone and porphyry; it is here 10 feet wide 


but is obscured by oxidation. It gives small 
assays in gold and silver. The porphyry is 
bloachod and iron stained. 

The principal ore bodies above and below 
lovol 5 are 100 to 150 feet high and 10 to 50 
feet node, extending practically continuously 
throughout the ground. At tho south end of 



Ficobk U.—SwUoo S. SS« E. south ct Iron Blossom shaft No. ! iJour 
line V-P, Plato XXXVI. 

level 5 tho voin loses itself in tho flat limestouo 
beds. In many places the deposit shows 
plainly its voiiiliko character. Tho walls of 
limestone are well murked, tho vein consists of 
eilicified limestone brocciated and cemented by 
sugar}' quartz, and a well-defined lighter streak 
whore filling no doubt has played a part indi¬ 
cates tho central fissure. 

At tho south ond of lovol 6, noar tho Governor 
lino, are small copper stopcs. In places iu 
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this vicinity the voin is only 1 foot vide, and a 
fino-grained porphyry dike containing pyrite 
adjoins it. 

On level 7 tho voin shows at the end of the 
crosscut from tho shaft; it is stained hy limonito 
and malachite. 

On level 8, at tho crosscut, tho vein is only 
3 foot wide and consists of iron-stained silicificd 

ElEVMION 
IN FEET 

7.000 


6,900 


6900 


6.700 


6.6CO 


6.500 

KlO urn: -12.—'Section fl. K. scu*h ol Iron Tllcs>om stuff No. 1 :don£ 

lines ti-O', Hate XXXVI. 

limestone with normal limestone on both sides. 
In places the vein runs out on the stratification 
planes or on cross fractures. Good ore is found 
locally, carrying both lead and copper. At the 
south face near the Governor lino tho vein has 
tho usual appearance, but in tho center there 
is an irregular streak, a few inches wide, of 
sulphide ore with pyrite, quartz, barite, galena, 



enargito, and covellite. This ore is said to 
contain $2 to $3 in gold and 9 ounces or more 
in silver to the ton and 2 to 3 per cent of copper. 
No larger bodies wero found. 

On level 11, at tho crosscut, the vein is in 
limestone, is only l foot wide, and consists of 
lbnonile and quartz with copper stains. Copper 
ore has boon sloped in this level. To the south 

ELEVATION 
IN FEET 
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6900 


6.700 


6900 


6500 

FigurF. 13. —Section S. 55" E. aotilh of Irou Blossom shall Mix t alouj: 
line ir-B', Pint© XXXVI. 

the voin enters contact-motnmorphosed lime¬ 
stone. A long drif t has recently been extended 
on level 19 for 2,000 foot south; for a long dis¬ 
tance this drift penetrates limestone, which is 
cut by a tight scam carrying quartz, galena, 
und zinc blende. 

Figures 41-43 represent sections of the 
deposits south of the shaft. 
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Mineralized rock containing quart/., limnnito. 
and manganese oxide appeal's along many of 
the porphyry dikes in this mine, and much of this 
material curries a fow ounces of silver to the ton. 

The oro in Iron Blossom No. 1 is siliceous _ __ 

and contains more gold and copper but loss Blossom, but so for theso have not proved to 
silver than the ore near No. 3 shaft. Much of , be of great value. The shaft ulso opens a body 
has the loose and cellular texture already * f - ' 
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1,060 feet, mid the lowest level 1,025 feet below 
the collar. Water has been encountered near 
the contact of limestone and porphyry on lev¬ 
els 8 and 10. The shaft is intended to de¬ 
velop the ore-bearing voins south of the Iron 


it 

referred to and is made up mainly of quartz in 
crystalline crusts and barite plates, and li- 
monite. For a period of three weeks iu 1915 
the oro assayed 8 per cent of lead, 0.75 per cent 
of copper, and 0.13 ounce of gold and 20 ounces 
of silver to tho ton. Besides it contained 13 
per cent of iron and 50 por cent of insolublo 
matter. Tn the southern part of the mine and 


in tho deeper levels it contains bunches of 
partly oxidized enargite and iu places also 
galena. On an average it may contain $5 in 
gold and 20 ounces of silver to tho ton. As 
usual oxidation extends to tho deepest levels. 
Spots of nnoxidized ore may bo found in tho 
deep levels, but thoy occur its well uear the sur¬ 
face. Water stands at level 19. 

From tho company’s published report of 1914 
it is seen that the slopes near No. 1 shaf t yielded 
during that year 16,451 tons of ore averaging 
5.07 per cent of load, 0.5 por cent of copper, anil 
22.77 ounces of silvor and 0.139 ounce of gold 
to tlto ton. 

The so-called East vein, which lies in 
the limestone 40 to SO feet from the main 
vein in the workings south of No. 3 shaft, 
bus also been found lately iu level 4 
of No. 1 shaft. It eontuins much limonite, 
malachite, and azurito and very little 
galena in a gangue of cellular quartz and 
barite. In 1914 the ore was stoped in both 
mines t o a width of 6 to 12 feet and 30 feet above 
the level. Some of this ore is rich iu gold. 

PROPERTY OF DRAGON CONSOLIDATED MINING CO. 

Situation ,.—The property of this compuny 
extends for about 3,000 feet along the southern 
extension of the Iron Blossom vein, south of 
Iron Blossom No. 1 to the contact of limestone 
md monzonite porphyry, and includes also the 
Dragon iron mine. It is owned by Jesse 
Knight and associates and in 1911 was mnn- 
iged by L. E. Riter. 

Development .—The Dragon vertical shaft is 
nnk over 100 feet south of the contact between 
imestone and monzonite porphyry. The olti- 
ude of tho collar is 6,817 feet, the total depth 


of iron ore of considerable importance (p. 258). 

1 cin north of the contact ,—The vein enters 
the Governor claim 650 feet south of Iron Blos- 
i ^om No. 1 shaft but is not visible in the 
monzonite porphyry, which here covers tho 
surlace. At 800 feet farther south-southwest 
the vein enters tho Opohonga limestone and, 
beyond that the Ajax limestone, both of which 
are made somewhat crystalline by contact meta- 
morphism. The vein here shows on t he surface 
in places and lias been opened in t ho Governor, 
White Dragou, and Bluek Dragon shafts, all 
three of which have an altitude of about 7,050 
feet. The dip of the limestone is 25°-40° E. 

Tho general course of the vein is N. 35° E. 
and the dip isS0°-83° ESE. Tower and Smith, 1 
who examined the workings near tho sur¬ 
face, say that 

Along this fissure occurred, in tho Governor cluim, 
quartz and barito with lead and copper minerals. In ihc 
Black Dragon claim (south of the Governor) larger ore 
bodies were found near the surface along the vein, which 
is intersected by cast-west fissures on which some ore hod 
also formed. At the Block Dragon shaft ou tho 2C0-foot 
lovel an oro bedy was found at tho intersection of fissures; 
on tho 315-loot level the ore alternates on tY. 36° E. and 
northeast fracture*. 

The vein is narrow and contains siiicified 
limestone and barite as geugue and galena, 
limonite, and chrysoeoUa as ore minerals. 

The long Dragon tunnel has followed the vein 
at mi altitude of about 6,775 feet from a point 
near the iron mine on the south for 1,300 feet, 
to a poiut 200 feet north of the Black Dragon 
shaft. This nearly corresponds to the 315- 
foot lovel of the Black Dragon shaft. In many 
places in the Dragon tunnel llie vein is tight 
and shows little mineralization. A shipment 
of ore from a point between the Black Dragon 
and White Dragon shafts was made, and it 
contained 7 per cent of copper and 4 ounces 
of silver aud 0.4 ounce of gold to tho ton. 
Still lower, at an altitude of 6,650 feet, the vein 
is intersected by a long crosscut ou the 300- 
foot level of the Star mine. Finally, iu the 
Governor claim it is opened from Iron Blossom 

i Tow*r, G. 'V., Jr., act! Smith, O. O., op. clt.,p. 750. 
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No. 1 shaft on its level 6 at on altitude of about 
6,700 feet and on the corresponding level 3 from 
the Governor shaft. It is also opened in the 
sumo claim for some distance by level S of Iron 
Blossom No. 1, and, ns stated uhove (p. 214), 
level 19 follows the same vein but in Iron Blos¬ 
som ground, parallel to the Governor side, line 
for 1,500 feet south. 

Throughout these workings the vein, though 
ns a rule small and tight, is well marked by 
a fissure and some evidence of silicification, 
but little ore has so far been found. On level 
8 the vein is 4 feet wido and show's much 
limonito and copper stains on the outside and 
a narrow streak of pyrite, ennrgite, and barite 
in tho middle. The stopes of siliceous ore on 
level 5 of Iron Blossom No. 1 have beon car- 
nod about 100 feot into Governor ground. It 
is suid that commercial gold ore has lately 
been opened at some places in tho Governor 
claim. 

Vein -near the contact .—Deeper explorations 
havo boon carried on from the Dragon shaft 
close to tho contact of limestone and mon¬ 
zonite porphyry. The vein apparently inter¬ 
sects tho body of limonito that occurs on the 
contact (p. 258), but it is not clear whether 
the fissure continues into the porphyry. 
Closo examination is difficult, because the 
porphyry for several hundred feet south of 
tho contact is exceedingly altered, bleached, 
and kaolinized, as is indeed also the limestono. 
Tho underground workings have not reached 
the igneous rock along tho vein, for tho con¬ 
tact dips steeply to tho south, so that lime¬ 
stone underlies monzonite porphyry. About 
800 feet south of the deep shaft is the King 
Juracs rein, in monzonite porphyry, and as 
this lies in tho general direction of the Dragon 
voin, it is probable that the vein crosses the 
contact. 

Tho shaft is sunk in altered porphyry hut 
intersects the contact a little ahovo tho 300- 
foot level. At some places the limestono is 
rather coarsely crystalline. Tho geologic con¬ 
ditions at tho shaft are described in more 
detail on page 259. 

Fragments of voin matter containing quartz 
and barite have been found in tho iron ore 
near Urn surface. A ruiso from tho 300-fool 
level to tho surface bus followed vein matter 
surrounded by and stained with iron hydroxide. 
A voin in line with tho Govomor vein is cx- 


I posed on tho 175-foot level; it contains quartz, 
barite, and a little pyTito. Tho pyrite is 
oxidized only in part, though the walls con¬ 
sist of tho kaolin which surrounds tho iron 
deposit. Besides these veins soveral siliceous 
lenses carrying from 3 to 5 ounces of silver 
and from 0.01 to 0.05 ounce of gold to the 
ton have been found in tho iron ore. On the 
300-foot level the voin has been followed for 
400 feet. The same fissure is cut on tho 800- 
foot level, on w’hich it carries barite with a 
little lead and copper. On tho 1,025-foot 
level (altitude 5,790 feet) the voin shows only 
silicified limestone. Drifts to tho southeast 
on tho 800 and 1,025 foot levels havo also 
disclosed a narrow fissure trending north- 
northeust 300 feot east of the Governor 
voin and possibly corresponding to the Turk 
voin, opened farthor north, and to others that 
extend east-northeast, and show a few' feet 
of altered limestone with quartz and galena. 
A small shipment from the last-mentioned 
veins contained 22 per cent of load and 9 
ounces of silver and 0.8 ounce of gold to tho 
ton. .All these workings are still in limestono, 
and though a crosscut has .been made in tho 
igneous rock on the 800-foot level the Governor 
voin is not found in the igneous rock in the 
place where it should have beon cut. On 
the tw'o lowest levels tho igneous rock is not 
an effusive porphyry but is clearly monzonite, 
though it is somewhat impregnated with 
pyrite, sericite, and calcilo. 

Much of the oro in the narrow veins of the 
Dragon property shows a relatively high 
tenor in gold, running as high as $16 to the 
ton, and contains both copper and lead, 
though not necessarily together. High con¬ 
tents hi gold locally coincide with low con¬ 
tents in silver. 

MINES IN THE EAST TINTIC DISTRICT. 

By G. F. Louonu.v. 

Tho name East Tintic district is here used to 
represent tho area within the Tintic quadranglo 
east of meridian 112° 5' and south of the 
Denver & liio Grande Ruilroad. Only two 
properties in thus district have been productive 
since 1911. These w’oro the property of the 
East Tintic Development Co., which wns being 
operated under louse, and that of the Tintic 
Standard ^lining Co., vrbich was being pros¬ 
pected. 



MIXES IX THE SEDIA 
PROPERTY OP EAST T1XTIC DEVELOPMENT CO. 

The East Tintic Development Co.'s property 
is situated 1? miles due east of Kniglif villo, 
where a wagon road crosses the narrow neck 
of limestone. (See PI. 1, in pocket.) The 
property extends in a north-south direction 
from 125 to 185 feet, and its oast-west dimen¬ 
sion is 700 feet. It lies in the midst of several 
claims owned by different persons in 1911, and 
the difficulties attending development work 
near the boauulary lines had then caused a 
suspension of systematic work pending an at¬ 
tempt at consolidation with the surrounding 
claims. Since the mine was studied the 
property has changed owners and a consolida¬ 
tion has been mode. Development work 
below the levels here described was bein>r 

O 

carried on in the later part of 1916. The 
company prior to 1911 had mined over 50 
carloads of lead ore averaging 42 per cent of 
lead and 2 to 4 ounces of silver to the ton. 
Oxidized zinc ore was formerly thrown on the 
dump, but during the summer of 1912 and 
1913 the dump and the load stopes were 
worked for zinc ore by lessees. About 1,000 
tons of zinc ore was shipped up to July 1 , 1913, 
when the lease expired. 

Thosurfaccoquipment in 1911 included asmall 
steam hoist, a compressor, and a jig. The ore 
was hauled by wagon to the Iron Spur siding on 
the Denver & Rio Grande Railroad, 1 miJo east 
of the base of the mountains and 6 miles from 
the mine. The underground workings included 
a shaft 500 feet deep (altitude of collar about 
6,000 feot), with drifts on the 70, 130, 230, 330, 
and 500 foot levels. All the levels but the 
deepest had exposed shipping ore. 

Tho country rock is the Middle Cambrian 
limestono, including tho Herkimer and lower 
formations. Tho surface exposures of lime¬ 
stono (PI. I) are surrounded by the Packard 
rhyolite, which, to judge from the altitude of 
rhyolitc-coverod summits to tho north and 
west, must originally have formed n cover 600 
to possibly 1,000 feet thick abovo the present 
limestone surface at the mine. 

Tho limestone beds are nearly horizontal, 
forming a very flat local anticline, or dome, 
whoso axis is closo by tho mine shaft. Fis¬ 
sures und faults have not been studied in detail 
on tho surface. Those found underground 
belong to two systems, one trending neurly 
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north and the other N. 70° E. Both have 
been influential in the concentration of the ore. 

The ore body, so for as developed, is a re¬ 
placement vein, following a general northerly 
course, with a few enlargements at the inter¬ 
sections of cross breaks or easily replaced 
limestone beds. There is a small outcrop of 
mineralized rock a short distance northeast of 
file shaft, but no work has been done on it in 
recent years. The highest stopo (fig. 44 ) j 3 on 
the 70-foot level. Here a strong but barren 
fissure, striking N. 30° W. and dipping 70° NIC. 


w - E. 



Proo»E «. -Seetlon showier Du. iu pojvlun tu.il companion of ll.o 
F-asi Tintio Dovoiopmom.Co.’* vein. 

crosses tho workings 30 feet oast of the shaft. 
At 8 or 10 foot farther oast is a second fissure, 
striking north and dipping 65° E., whoso 
formation was accompanied by much shattering 
and by mineralization, Tho hanging wall is u 
confused aggregate of blue and whitelimostone 
fragments. Tho ore in the small stopc is con¬ 
fined to the hanging wall and consists of rather 
fine grained galena, accompanied by cerusito. 
It occurs in bunches and bouldera, tho laigest 
weighing over 1 ton, in a gangue of the whito 
hmestono more or less decomposed to a 3 - 0 I- 
lowish-brown sandy material. The blue rock 
is practically absent whero O ro is prominent 
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and has evidently been replaced. The ore has 
also filled small fractures and irregular open¬ 
ings. No quartz nor silicified rock has been 
found in tho ore body on this level. The ore 
assays only 2 to 4 ounces in silver to tho ton. 

The snme mineralized fissure, dipping 70° 
E., is cut on tho 130-foot level GO feet east 
of the shaft. The ore and wall rock present' 
tho same characteristics and relations as on tho 
70-foot level. Only one carload had been 
shipped from this level up to the time of tho 
writer's visit. This shipment yielded 5S per 
cent of lead. The ore connects downward 
with a stope 35 to 40 foot long (from oast to 
west) and 10 to over 20 feet, wido (from north 
to south), which follows a cross break striking 
N. 70° E. and dipping very steeply southward. 
This stope has so far yielded tho richest ore. 
Its east end lies 39 feet below the 130-foot 
level along a N. 15° W. fissure wall and con¬ 
nects on tho oust with the upper end of a barren 
cave, which follows a semicircular course 
from this point, down to tho 230-foot level. 
Tho cave is lined with a whito crust of fibrous 
calcito, upon which tho flat calcito rhombs 
tiro perched. The west ond of the stope is 
where tho downward continuation of tho west¬ 
ern fissure on tho 70-foot levol should moot the 
cross break. On tho north side of tho cross 
brenk tho stopo pitches northward in pipe form 
for about 10 i'cet along a fissure that strikes 
N. 35° E. and dips about 45° W., boyond 
which it assumes a voinliko form. Tho vein 
follows the west dip to a point 30 foot above 
the 230-foot level and there swings to an east 
dip of about 50°. On the 230-foot level tho 
strike of tho vein is N. 15° E. and the dip 
75° E. Ore has been stopod continuously 
from the 130-foot to tho 230-foot level; tho 
stopo length along the vein ranges from 60 
to 120 foot and its width from 4 to 10 feet. 
At 10 feet below tho 230-foot level and about 
130 feet north-northeast of the shaft a flat, 
circular shoot about 30 feet in dhuneter, re¬ 
placing a blue limestone bed, has boon sloped. 
It spronds from the west sido of the vein and 
ranges from horizontality to a dip of 30 d W. 
Ore from the bottom of this shoot has been 
followed in a winzo down a N. 45° W. dip to a 
point 51 feot above the north end of the 330- 
foot level. The oro from tho 70-foot level 
clown to tho bottom of this winzo, n vertical 
distanco of 209 feet, is practically free from 


quartz. The vein crosses the shaft 30 feet 
above the. 330-foot level and on that level lies 
10 feet west of the shaft, striking N. lo°-20° 
\V. and dipping 70° W. South of the shaft 
its strike curves to northwest. Tho vein has 
been followed on the 330-foot level for 100 feet 
and has a general width of 5 feet, though at 
ono place it bulges to 10 feet. The footwall is 
well slickensided, and tho grooves pitch 60° N. 

The primary ore minerals on the 330-foot 
level arc galena and some, zinc blende, for the 
most part in singlo crystals thickly dissem¬ 
inated, and tho primary ganguc is chiefly 
quartz with some barite and fragments of 
unreplacod wall rock. The quartz is of two 
generations, as in the Iron Blossom zone, and 
shows the same leached character in places. 
Tho oro occurs in bunches and assays 10 to 15 
ounces in silver to the ton. Some oxidized lead 
and zinc ore is present, also small pockets 
containing flat calcito rhombs and showing 
iron and manganese stains. 

The main bodies of oxidized zinc ore were 
mined nlong the walls of the lead stope be¬ 
tween the 230 and 330 foot levels and in the 
bottom of the stope on the cross break. Tho 
ore was evidently concentrated by leaching 
from tho upper levels, downward migration, 
and replacement of the limestone walls. 

At OO feet northeast of the shaft on tho 
330-foot level a crosscut passed through about 
40 feet of soft ground heavily sta ined with iron 
and manganese oxides. A similar occurrence 
is said to have been found on tho 500-foot 
level 180 feet oast of tho shaft. These two 
occurrences are approximately in line with 
tho onstward-dipping portion of tho stoped 
vein on the 230-foot lovol, but no lead has 
been found in thorn. No attompt had been 
made to cut the main vein on the 500-foot level. 1 

TINTIC STANDARD MINE. 

Location and general features. —The Tintic 
Standard mine lies just oast of that of the East 
Tintic Development Co. and extends about a 
mile from north to south and less than half a 
mile from east to west. The old shaft, uoar 
the west side of tho property, is about 1,500 
feet east-southeast of that of the East Tintic 

• A specimen rw-^Twl In Junuary, 1918, from now works approxi- 
mAUMy In tine with a downward coral million of tho vein shown In 
figure 4-1 consists of cnurglto, totrahedrtte, and pvrJto with quart* and 
barito. This may indicate o further change of niinernl contents in Ihla 
vein similar to that in tho main ore zones of tho Tin do district. 
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Development Co. It is 1,000 feet deep, with 
drifts on the 400, 700, 1,000, and *' 1,200” foot 
levels, and inclined winzes extending from the 
1,000-foot, down to the “1,200-foot” level, and 
from tho” 1,200-foot” down U) the” 1,600-foot'' 
level, 1,300 feet below the collar of the shaft. A j 
new shaft, across the gulch to the north of the j 
old shaft, was completed to n depth of 1,200 feet 
in 1917, and a connection was made with the 
principal stope on that level. This shaft will 
greatly facilitate handling of the ore and will 
improve the ventilation of the mine, which has 
heretofore been so poor as to impede working, j 
At the surface the Packard rhyolite and the j 
undorlying bed of rhyolite tuff rest upon the) 
Teutonic limestone. The underlying shale is 
either exceptionally tliin at the shaft or is 


or 4 feet by vertical slips of northward trend. 
The slialo is soft and partly kaolin used, re¬ 
sembling decomposed rhyolite porphyry. The 
ore forms small pockels or bunches along the 
1 contact, mostly replacing the quartzite but 
also replacing shale to some extent. The first 
shipping ore was found late in 1913 on the 
1,000-foot level about 950 feet, north of the old 
shaft. About 40 tons was shipped, netting 
over 840 a ton. The silver content, which was 
low elsewhere on this level, was high at this 
place, hut thorough alteration of the rocks pre¬ 
vented recognition of any fissures in connec¬ 
tion with tiio liigher-grade oro. 

The oro on the 1,000-foot lovel is principally 
galena, accompanied by minor amounts of very 
fine gnuned pyrite, zinc blende, and tetra- 


locully eliminated by obscure faulting; for i hedrito. The galena consists of tine irregulur 
the shaft is said to extend for about 650 to cubic grains and around small vugs forms 


feet through limestone of prevailingly shaly 
character and then to pass through, n small 
thickness of shale and to reach at a depth 
of 670 feet the Tintic quartzite, which per¬ 
sists to the 1,000-foot level and beyond. 
The northwest dip of tbo strata brings the 
quartzite and shale contact to the 1,000- 
foot level along the northwest drift. There 
is a pronounced seepage of water from the 
shale, but permanent ground-water level has not 
been reached. At the 700-foot level the shaft 
passes through a faulted anticlinal uxis of 
northeasterly trend, the strata dipping 20°-25° 
to tbo southeast and northwest. The shale, 
exposed on the 700-foot level is only 20 to j 
25 feet thick and is greatly kaolinized. Two 
decomposed rhyolite dikes have been cut, one 
near the shaft on the 700-foot level and the 
other near the north end of the 400-t’oot level. 

An easterly fault zone with down slip to 
the north extends along the gulch just north 
of the shaft. A strong gossan-stained quartz 
outcrop lies in or closely parallel to this fault 
zone on the north wall of the gulch, A few 
prospect holes have been dug along it, but no 
promising quantities of ore have been found. 

Lov)tr workings .—The principal ore zone is 
along the contact of quartzite and shale, from 
the 1,000-foot down to the ” 1,600-foot” level, 
about 1,300 feet below the collar of the shaft. 
The northonst drift of the 1,000-foot level, 
reached by a northwest crosscut from the shaft, 
follows the quartzite und shale contact, which at 
short intervals is offset from a few inches to 3 | 


cubes with truncated corners. Specimens of 
galena in shale show a finely streaked or 
feathery texture resembling that of the sulph- 
antimonito jamesonite, but blowpipe testa 
failed to detect any antimony. The pyrilo 
occurs in minute scattered grains and in small 
| linear streaks. The zine blende forms scat¬ 
tered grains inclosed in galena or pyrite. It 
is so fine as to escape detection in most speci¬ 
mens but is readily found in thin section. 
Tetrahedrite mixed with galena and pyrite is 
prominent here and there, especially along the 
southwestern part of the drift, where it forms 
a streak 2 to 6 inches thick und is said to assay 
as high os 80 ounces ol silver to the ton and 22 
per cent of copper. The gangue is cliicffy 
quartz with varying amounts of barite. The 
| barite appeals to ho most abundant where the 
copper minerals are conspicuous. The quartz 
is not prominent in the highest-grndc ore 
specimens but in thin section is seen to com¬ 
prise over 50 per cent (by volume) of tbo whole. 
Iu character the quartz ranges from quurtzito 
with the original sand grains showing secondary 
enlargement to recrystallized quartz with dis¬ 
tinct prismatic outline. The ore minerals occur 
largely as a continuous network in the inter- 
I slices among the sand grains and in places as 
smull solid masses completely replacing the 
| rock- In tho shale the ore and gangue minerals 
lie mostly in openings along the lamination 
planes and minute cross fractures, hut they 
replace tho rock to some extent. Where it is 
replaced the shale, originally composed for 
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the most part of microscopic, quartz and seri- 
cite, has changed to a mass of very fine 
grained, practically barren quartz. The zinc 
blende, galena, and barite are confined to the 
fractures or the rock immediately adjacent. 
The pyrile, however, is scattered all through 
the shale, ns single granules and os minute 
fracture fillings. 

Partial oxidation has developed ccrusite and 
locally malachite and nzurite, also more or less 
limonito and a little culcitc. Some bunches of 
lead ore are entirely changed to ccrusite. The 
winze, which follows the contact down to the 
“ 1,200-foot” level, hassltown the ore hunches to 
continue to that depth, but none large enough 
to constitute shipping ore have been found. A 
showing of zinc ore is said to have been found 
in this winze. 

The high-grade ore on the 1,000-foot level 
was followed by an inclined winze down the 
dip for about 70 feet to the 11 1,100-foot” level, 
where short drifts were driven in ore for 40 to 
50 feet on each side of tlio winze, yielding three 
carload shipments. About 70 feet farther 
down the winze and 15 feet above the “ 1,200- 
foot” level another shoot, 50 feet long und 10 
to 15 feet wide, was mined, the slope trending 
al>out N. 25° E., or about parallel to the pre¬ 
vailing system of northerly fissures. Ore 
shipped from this stope and the “1,100-foot” 
level was considerably oxidized. It contained 
0.06 to 0.165 ounce of gold and 5.05 to S.7 
ounces of silver to the ton; 1S.7 to 35.65 per 
cent of lead, 26.75 to 52.5 por cent of insoluble 
matter, 1.2 to 4.55 per cont of sulphur, and 0.9 
to 14.7 |>cr cent of iron. The gold content in 
this ore is considerably higher than that in ore 
at lower levels and may signify a small degree 
of enrichment. The ratio ounces of silver to 
per cent, of lead is low, ranging from 0.19 to 
0.27, the quantity of silver varying directly, 
though not uniformly, with that of lead. 

At the “ 1,200-foot" level the winze entered 
a small shoot of oxidized zinc ore, which Imd a 
maximum thickness of 6 feet, thinning both to 
the east and to the west, and which yielded a 
carload shipment. The ore still shown in the 
east faco of the stope is brown fine-grained 
smithsouito that contains drusy vugs and is 
similar to the “browu zinc ” ore of the May 
I)av, Yankee, and Gemini mines. It is said to 
contain an avorage of 33 per cent of zinc. So 
far as could be determined in the iron-stained 


walls of the stope, the smithsonite had been 
formed by the replacement of a small lens of 
limestone just above the quartzite. 

From this stope the “1,200-foot” level was 
extended eastward for about 150 feet along 
tiie mineralized contact of quartzite and slmle, 
which consisted, as elsewhere, of yellow and 
brown stained quartz, with a low content of 
galena and cerusite. Where indications were 
most promising along a marked fissure zone 
trending about N. 25° E. another winze was 
sunk along the dip for 380 feet to the “ 1,600- 
foot" level (1,300 feet below the collar of the 
shaft), und an east drift, the “1,550-foot" 
level, was run from it 330 feet down the incline 
from the “ 1,200-foot” level. At the top of 
this winze, called the lower winze, a smull 
shoot of copper minerals, similar to those on 
the 1,000-foot level, was mined, the ore con¬ 
taining 0,025 ounce of gold and 17.6 ounces of 
silver to the ton, 10.18 per cent of copper, 50.0 
per cent of insoluble matter, and 13.2 per cent 
of iron. Small bunches of copper minerals 
were found for some distance along the incline. 

A short distance above the “1,550-foot" 
level the dip steepens, taking the quartzite 
below tho floor of the winze. On the “ 1,550- 
foot” lovel silicified shale and perhaps shnly 
limestone, more or less brecciated ami iron 
Stained, are prominent along fractures. This 
material was mined along the drift for about 
100 feet and contained 0.01 to 0.02 ounce of 
gold and 8.80 to 17.05 ounces of silver to the 
ton, 2.65 to 16.90 per cent of lead, and 0.20 to 
0.37 per cent of copper. Returns on one sirip- 
rnent having average lead and silver content 
showed 64.6 per cent of silica, 3.10 per cent of 
sulphur, 9.8 por cent of iron, and 1 per cent of 
zinc. In thoroughly oxidized material along 
northerly fissures and minor fraetures as high 
as 400 ounces of silver to the ton, partly in the 
form of wire silver, was reported. The silver 
in lliis ore is most abundant where lead is least, 
and the wire silver in oxidized material signi¬ 
fies enrichment. 

This siliceous ore as a whole consists of dark- 
gray dense quartz, with very lino, evenly 
scattered grains of pyrito and with thin 
streaks of galena and cerusito along original 
bedding planes. Microscopic sericito is in 
places sufficiently abundant to render the. rock 
a little softer than steel. In thin sections it 
appeam us a fine-grained feltlike mass of quartz 
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and sericito, with thickly disseminated pynte, 
containing parallel bands of galena and rela¬ 
tively coarse prismatic grains of quartz. The 
galena is in part replaced by cerusitc, which is 
accompanied by a - little kaolin. The quartz 
and shale of the pyritic portion may be in¬ 
terpreted ns mostly a recrystnllization of the 
constituents of shale or sluily limestone, but 
the predominance of quartz also indicates an 
addition of silica. A specimen of the brecci- 
ated rock consists of inclnsions of silicitied shale 
as much as half an inch in diameter slightly 
impregnated with extremely fine grained py- 
rite, in a siliceous matrix of less fine grain con¬ 
taining pvrito, galena, and a little barite. In 
thin sections the inclusions consisted mainly 
of very fine grained quartz, sericite, and pyrite, 
with here and there a relatively large, partly 
developed crystal of quartz. The matrix con¬ 
sisted mainly of coarser grains of the same 
minerals, the quartz mostly in rather well 
developed crystals and the sericite partly 
segregated into tuftlike aggregates. Pyrite 
as a whole presents distinct crystal boundaries 
but incloses and is intergrowu to some extent 
with quartz and sericite. The galena show’s 
similar relations to quartz and sericite. but 
has only irregular outlines. The barite forms 
typical tabular crystals of synchronous growth 
with some of the quartz, but also cut and re¬ 
placed by veinlets of quartz and sericite. 
These relations of the minerals to one another 
are generally similar to those in the main ore 
zones of the Tintic district. 

The siliceous body just described in part 
overlies the principal stope of the mine, opened 
just west of the bottom of the winze on the 
“ 1,600-foot” level. This stope when visited 
(Dec. 11, 1916) was of rectangular outline, ex¬ 
tending 110 foot in a northerly and CO feet in a 
westerly direction, and was 12 to 11 feet high, 
with ore still showing in the roof and on the 
east, west, and south sides. Its southeastern 
part hnd been oxtended beneath the winze. 

The north face of the stope consisted of 
silitified shale beds dipping southward at a low 
angle and indicating a local shallow trough¬ 
like structure. No trace of quartzite was 
found, even at the south end of the stope, and 
it is therefore inferred that a cross break or 
easterly fault exists between the south end of 
the stope and the point whore the quartzite 
disuppenis below the floor of the winze, its 


I exact position concealed by silicification. Sucli 
j a fault in the quartzite may be represented by a 
flexure or “'roll" in the shale. Besides this 
fault and the northerly fissure zone followed by 
the winze, two other northerly fissures were 
noted in the stope. The ore shoot appears to 
owe its existence, therefore, to the opening up 
of the strata whore the northerly fissures inter¬ 
sect the easterly fault. 

The ore in the main stope consists of alter¬ 
nating layers of high-grade and low-grade 
galena. A littie high-grade cerusitc was ex¬ 
posed in the roof of the stope. The high-grade 
layers evidently replaced shale along the more 
open bedding planes and doubtless replaced 
any beds or lenses of limestone that wore pres¬ 
ent in the shale. No remnants of unropluced 
limestone were found. The high-grade galena 
consists of aggregates of grains 3 millimeters or 
less in diameter, in which are scattered lenses 
from half an inch to 2 inches long of fine-grained 
galena. There is nothing to indicate that the 
fine-grained galena was deposited later than 
the coarse. The fine-grained galena is also 
associated with small crystals of barite and 
pyrite at the borders of the high-grade layers. 
Only a very littlo pyrite and gangue are found 
within the high-grade gniena. Polished sur¬ 
faces of the galena arc seen under the micro¬ 
scope to incloso scattered minute crystals of 
pyrite and droplike or irregular grains of argeu- 
tite, none of which showed indications of sec¬ 
ondary origin. A few specks of an unidentified 
mineral wfith lighter-gray surface than argen- 
tite w'ere also noted. 

A thin section of the gangue showed it to 
consist of barite in typical crystals, with fine 
fringes of sericite, wliich separated it from 
galena. A littlo sericite was inclosed in the 
galena, but. quurtz was inconspicuous. 

The lower-grade layers represent the less per¬ 
meable beds of shale. In places these layers 
consist of thin parallel streaks of galena and 
corusite along bedding planes in a partly de¬ 
composed pyritic shale showing small white 
spots of kaolin. These spots have some re¬ 
semblance to phonoervsts of feldspar in altered 
porphyry, and this variety of tho ore has ac¬ 
cordingly been termed “porphyry ore.” No 
true porphyry has been found in or near this 
stope. Thin sections of this shale or “por¬ 
phyry” show it to consist of fine-grained quartz 
and sericite accompnnjcd by very foe grained 
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pyrito and partly developed crystals of quartz. 
Those quartz crystals form the greater pnrt of 
the “porphyry ore” and are accompanied by 
pyrite and layers of galena. Soricite is con¬ 
fined to the less silicified remnants of shale. 
Weathering processes have changed pyrito to 
hematite and limonite, galena to cerusito, and 
the remnants of shale to kaolin. 

The principal metal content of ore shipped 
from tbisstopc up to Decembers, 1916, ranged 
as follows: Gold, 0.0L to 0.016 ounce to the 
ton; silver, 8.4 to 33.25 ounces to the ton; and 
lead, 9.60 to 37.35 per cent. Other constit¬ 
uents determined in a few shipments ranged 
as follows: Copper, 0.15 to 0.20 per cent; zinc, 
0.40 to 1.30 per cent; insoluble matter, 3S.20 
to 61.5 per cent; sulphur, 0.45 to 9 per cent; 
and iron, 9.05 to 16.3 per cent. 

The ratio ounces of silver to per cent, of lead j 
varies widely, from 0.41 to 1.38. The silver 
content up to 20 ounces to the ton varies for 
the most part directly, though not uniformly, 
with that of lead. As the silver content rises 
above 20 ounces to the ton tho lead content 
tends to decrease, though not uniformly. 
These data suggest that a silvor content in 
excess of 20 ounces to the ton may be due in 
part to enrichment, but no proof of enrichment, 
either megascopic or microscopic, could be es¬ 
tablished in the oro available for examination j 
by the writer. 1 

Since the writer’s last visit to this mine, in 
December, 1916, the new or northern shaft, 
having throe compartments, has been com¬ 
pleted to a depth ol' 1,300 feet. According to 
Mr. E. J. Raddatz, manager of the mine, the 
upper 525 feet of this shaft is in porphyry (rhy¬ 
olite), and the remainder in “Mammoth” 
(doubtless Middle Cambrian) limestone. Ore ! 
was struck in this shaft, at a depth of 1,174 feet 
and cont Lnued beyond the bottom of tho shaft. 
This oro is associated with a fissure striking 
about N. 10° E. and dipping 80° E. A suite of 
oro samples from tho shaft were sent to the 
writer by Mr. Rnddntz. Ono from a depth of 
1,180 feet consisted of fine-grained galena ami 
totruhedrite with a little pyrite in a gangue of 
Imrito and chert.y replacement quartz. Four 
specimens from a depth of 1,250 feet range 
from fine-grained massive galena with very' 
little pyrito to fine-grained massive pyrito 

1 l'ho value ol shipments Itom litis atapo was stilltcliuil to put this 
mine iu lliogioup of dividend payers In 1917. 
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with little galena. A little zinc blende is 
also present- The tetrahedrite and barite are 
said to disappear and galena and pyrite to be¬ 
come more prominent at a depth of 1,220 feet.. 2 

The ore in tho lower workings of the Tiniic 
Standard mine is generally similar in metal 
content to the silver-lead ore in the Iron 
Blossom zone between the Spy fault and the 
Yankee mine, and in tho Eagle and Blue Bell, 
Chief Consolidated, and Gemini mines of the 
western ore zones of the Tintie district. Tho 
relatively higher silver-lead ratios in the ore 
on the “1,600 foot” level indicate that it is 
in or near a main channel of ore deposition, 
whereas the lower ratios on the. “1,100-foot” 
and “ 1,200-foot” levels suggest a more remote 
position. The site of intense ore deposition in 
this part of the mine is evidently the intersec¬ 
tion of the easterly fault with the quartzite- 
shale contact and with associated northerly 
fissures. The ore solutions doubtless rose 
through the quartzite along northerly fissures 
in this vicinity, as in the Tintie district to the 
west, nnd spread where those fissures wore in¬ 
terrupted or tightened at the quartzite-shale 
contact; but the opportunity to deposit com¬ 
mercial quantities of ore in these relatively 
unfavorable rocks was afforded only where 
disturbance along the easterly fault had ren¬ 
dered the rocks more permeable. The ore 
body found in the new shaft is presumably, 
like that in the East Tintie Development vein, 
a replacement vein deposited where solutions 
worked their way through a much shattered 
port of the shale into the overlying limestone. 
Further developments in this part of the mine 
should afford interesting data regarding the 
occurrence and distribution of ore shoots. 

Upper workings .-—A small bunch of ore is 
said to have been found along the quartzite 
aud shale contact on the 700-foot level. The 
southeast drift on this level passes obliquely 
across an easterly fissure, probably a fault, 
along which small pockets have been dissolved 
in the quartzite. The pockets are imperfectly 
lined with small, poorly formed quartz crystals, 

1 In January, low, a now oro body had toon opened oa tho l r 2frMoot 
lovel, c)o»o by tho new fhnit, for a length nf 60 feet. It has yielded 
some very rich ore, 2 carloads avoragir.# on etui* in gold and 333 ounces 
of stiver to the ton, 10 per con l ol copper, anil 4 per cent of 2ead. 
Picked sumplos have assayed over 1 ounce of gold and 2»C00 ounces of 
sliver to tho ton. In specimens »ont to tho writer tho primary oro 
minorjls are tetrahwirito, on&rgito, pyrito, and galena; tho sceond.iry 
minerals arc nitivo silver and coppor, malachite, mu rite, and chalcoctto. 
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md some ore suid to have contained ft 
sopper miueral. 

On the 400-foot level a northerly fissure m 
lhaly limestone has been cut about 373 feet 
luc southeast of the shaft. Where followed it 
;s slickensided and generally tight but contains 
small streaks of galena mixed witli an incon¬ 
spicuous quartz garvgue. 

On the north driftof the 400-foot level.. 50 to 00 
Feet north of tho eastward-trending gulch and 
under the quartz outcrop, is n considerable body | 
jf brown iron and black manganese oxides mixed 
frith kaolin. It has replaced the shaly lime¬ 
stone along a fissure. It extends on both sines 
jf tho rhyolite dike, which is cut by tlie fissure. 
Hie diko, though kaolinized, lias not been con¬ 
spicuously stained by iron or manganese oxides. 
\ little quartz or siliciGed limestone along the 
Sssuro remains unreplaced. The replacing min- 
jrals are not sufRciontly separated to make oro 
jf shipping grade. In other respects the body 
is of the sauio general character us the Dragon 


iron deposit. 

A striking feature of the mine is tho liigu 
temperature (93° F.) of tlie lower workings and 
the presence there of a gas of more or less sul¬ 
phurous odor. The level to which this gas rises 
ji tho mine fluctuates with the barometric pres¬ 
sure. Air is forced into the mine for ventilation. 
When the barometric pressure is high the gas 
s kept at the floor of the 1,000-foot level, but 
vhen it is low the gas may rise ns far as the 
roller of tho shaft and prevent working for 
mm's or even days. No gas was struck until 
.ho shaft was sunk into the quartzite. The 
jnly reasonable explanation based on availablo 
lata seems to be that oxidation of the pyrite 


ich is disseminated through tho shule, sup- 
mented by the sulphide minerals in ore 
nches, has left an excess of nitrogen and has 
lerated heat and sulphurous anhydride, also 
plume acid, which would react with any 
lestone layers in the shale and generate cur- 
a dioxide. The impervious character of the 
lie would tend to keep these heavy gases 
m ascending and would force them to uc- 
inulate in the quartzite. Tho presence of 
u oxido deposited by water seeping from the 
do, tiro corrosion of pipes and rails in the 
It. and efflorescence on tlie walls and on 
ef j slude specimens of iron, aluminum, cul- 
in,, and alkali sidphates #U lend support to 
s explanation. 


FUTUBE OF THE EAST TINTIC DISTRICT. 

By G. F. I.ouduux. 

Work in the Tintic Standard and East Tintic 
Development mines has proved thnt ore has 
been deposited there in considerable quantity 
in rocks that in the Tintic district proper lie 
west of the four ore zones and arc regarded as 
relatively unfavorable for ore deposition. Tho 
mild degree of metamorphism in the limestone 
less than a mile south of these mines, together 
with tlie presence of dikes and small irregular 
intrusions of ruonzonito porphyry, indicates a 
minor intrusive center there ns the most 
probable source of the ores in the East Tintic 
district. Tlie solutions from this source, how¬ 
ever, had to ascend through the Cambrian 
quartzite beforo reaching tlie limestone, whereas 
m the Tintic district proper they passed from 
tlie main inouzonite mass directly into tho 
limestone. Owing to the nearly horizontal 
position of the sedimentary rocks in the East 
Tintic district, the shale formed an effective 
barrier to the ore solutions that rose through 
the quartzite, and owing to tho low degree of 
permeability of both these rocks the solutions 
spread along the quartzito-shnie contact, form¬ 
ing for the most part thin layers of low-grade 
ore, with locul small bunches of high-grade ore. 
Only where the rock was sufficiently shattered 
at the intersection of northerly fissures with 
easterly faults or cross breaks was ore deposited 
in large shoots along or near the contact. 

Where Assuring was sufficiently strong to 
afford passage upward through the shale, the 
solutions reached the limestone; but the lime¬ 
stones above the shale are not so favorable for 
oro deposition as the limestones that contain 
the main ore zones in the Tintic district. Ore 
in commercial quantity, however, ns shown by 
the East Tintic Development vom, and perhaps 
also by the. oro in the new Tmtic Standard 
shaft, was deposited along pronounced fissures, 
especially at their intersections with cross 
breaks and local replaceable beds, and detailed 
work with a view to locating the principal fis¬ 
sure zones and tho purest limestone beds may 
result in the discovery of additional ore bodies. 

The solutions on passing through the shale 
were not only depleted of part of their metal 
content but were cooled and diluted with waters 
already in the limestone, factors which lessened 
their power to form extensive replacement 
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deposits. Such solutions may travel consider¬ 
able distances without finding a favorable 
place to deposit oro and may therefore give 
ruse to small scattered shoots remote from the 
source of mineralization instead of continuous 
ore bodies. Such scattered deposits are char¬ 
acteristic .of other parts of Utah where similar 
conditions existed and may be expected i:i the 
limestones of the East Tintic district for some 
miles northward from the present productive 
mines. Ore characteristic of such solutions 
is comparatively low in silver, and its deposi¬ 
tion is accompanied by relatively little silicifi- 
cation. 

The finding of new oro bodies obviously de¬ 
pends in large part on a detailed study of tho 
district to locate the principal mineralized 
northerly fissures and cross breaks, the quartz- 
ite-shalo contact, and the more replaceable 
limestone beds. It should be borne in mind, 
however, that mineralized fissures in outcrops 
of limestone, and especially in tho rhyolite area, 
may be a long way from deposits of commercial 
size and not directly connected with such 
deposits. Reference to the geologic map (PI. I, 
in pocket) shows that the sedimentary rocks 
are dislocated by easterly and northerly faults 
of considerable size and older than the rhyo¬ 
lite. There are strong chances, therefore, of 
miscalculating the dopth of tho quartzite-shale 
contact. 

When the distribution of known oro zones in 
tho Tintic and East Tintic districts and their 
relations to monzonito intrusions are consid¬ 
ered, it is reasonable to expect that at least 
one more zone may exist between the East 
Tintic Development vein and the Iron Blos¬ 
som zone, but results of prospecting at shal¬ 
low depths in this area havo thus far been 
negative. Tho existence of ore zones beneath 
tlio rhyolite cast of tlio Tintic Standard zone 
is also a possibility; but no evidence of min¬ 
eralization of tho rhyolite sufficient to servo as 
a guide in prospecting has been noted. 

MINES IN THE IGNEOUS ROCKS. 

SWANSEA MINES. 

The Swansea mines, owned by the Swansea 
Consolidated Mining Co., are just north of Silver 
City, in the southern part of the quartz por¬ 
phyry area. The former Swansea and South 
Swansea, with the Four Aces and some smaller 
properties, are now consolidated and worked 


through the South Swansea shaft. The orig- 
| j nil l Swansea mine, according to the earlier 
1 report, 1 was productive from the earliest times 
U p to 1S96 in a more or less satisfactory maimer 
nrif l siuce 1S06 has yielded a large amount of 
argentiferous galena. The earliest work was 
done in the oxidized zoue, which was rich in 
silver and lead carbonate to a depth of 250 feet, 
q^e rniniug was earned on, for the most part, in 
the tunnels aud winzes north of the shaft. At a 
depth of 250 feet barren pyrite was met, and 
practically all work ceased. In the spring of 
1896, however, at a depth of 350 feet, argentif¬ 
erous galena and lead carbonate were found 
which, to judge from the mine map, lead to the 
largest shoot (see. fig. 45) in the entire workings 
of the consolidated mines. The history of the 
original South Swansea mine follows closely 
that of the Swansea. There was an early 
period when ores of considerable value were 
taken from the oxidized zone, then a period of 
idleness covering many yours, and finally tho 
striking of rich ores below the barren pyrite 
soon after they were found in the Swansea. 

The underground workings (fig. 45) consist of a 
shaft 940 feet deep, with north and south drifts 
at various levels, but the only accessible work¬ 
ings during the writer's visit were on the 700- 
foot level, which was being operated under the 
leasing system. A station was then being cut 
on the 940-foot level, and drifting ou that level 
has siuce been carried on. Data from other 
workings ore taken from the earlier report. 2 
Water was struck at a depth of 650 feet and in 
1911 was raised by a steam pump installed on 
the 700-foot level. 

The wall rock is Swansea rhyolite down ap¬ 
proximately to a depth of 900 feet, below which 
the shaft is in monzonite. The contact dips 
steeply westward. 

The vein has been worked tlirough a hori¬ 
zontal distance of 2,000 feet, from the Four 
Aces shaft northward almost to tho summit of 
tho ridge. Its general trend in the old Swansea 
ground is TC. 10°-15° W., but it bends in places 
to duo north. Its dip as a rule is 70° W. to 90° 
but in places swings steeply eastward. In the 
South Swansea ground it follows for the most 
part a northerly fissure dipping 85° W. to 90°. 
hlus fissure near its north end curves slightly 
eastward and joins a N. 55° W. fissure dipping 


1 Tower, G. W„ Jr,, and Smith, G. O., op. clt., p. 757. 
* Mom, pp. 757-759. 
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'0° or less to the northeast, along wliich the 
rein extends and connects with the Swansea 
issure. The two main portions of the vein 
)verlnp only slightly and die out within a short 
listance beyond the cross fissure, leaving a bur- 
en clay seam. 

Two short spur veins have beer, found in 
he old Swansea ground. One is a vertical 
r ein on the 300-foot level 25 feet west of 
he main vein, which here dips cast but which 
tefore reaching the level above bends and fol- 
ows the spur vein fissure. The other is on the 
00-foot level, east of and parallel to the main 


] places sharp and in othere poorly defined, the 
| vein matter grading into the country rock. 
The vein matter consists of quartz, pyrite, 
galena, a little zinc blende, and a very little 
arsenopyritc, besides the oxidation products, 
which arc mostly limited to the 600-foot and 
higher levels. The vein minerals where seen 
on the 700-foot level, and elsewhere, as de¬ 
scribed in the earlier report., 2 are arranged 
in bands. Some bands consist of quartz and 
pyrite, massive or in well-formed crystals 
around small vugs; others are narrow' bands or 
lenses of almost solid pyrite. The well-formed 


N. S. 



in. A tliii’d spur vein, much larger than the 
ner two, has been followed by the Four Aces 
dined shaft. It leaves the main vein at the 
uth Swansea 600-foot level and extends up- 
ird to the east at a 60° dip, the main vein 
iping upward to the west at an 80° dip. The 
) in vein below the junction dips 80 -85 W. 

the lowest workings. Recent fractures 
mding N. 55° W. and N. 70° W. seen during 
a earlier survey* have faulted the vein 
gbt-ly on the 400 and 450 foot levels. 

Phe vein thus follows a zone of linked and 
inching fissures. Its average width is about 
eet, hut it varies greatly, from a mere streak 
as much as 10 feet. Its walls are in some 


i Idem, p. 760. 


pyrite crystals are nil pyritohedrons. Little 
or no galena is present in these strongly pyritic 
bands. Galena is concentrated into relatively 
few lenticular bands, some mingled with con¬ 
siderable pyrite and others nearly pure. 
Quartz ns a rule is not conspicuous in the ga¬ 
lena bands. These bands, especially where 
marked by rows of central vugs, appear to lie 
along original fractures separated by vertical 
sheets of quartz porphyry now partly or com¬ 
pletely replaced by quartz and pyrite, but the 
broader bands have both filled open fractures 
and replaced intervening slabs of wall rock. 
The bands seen on the 700-foot level were 
mostly only 1 inch to 3 or 4 inches wide, but at 


! lc'otn, p. 75S, 
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the north end a body of ore (pyrito and galena) 
2 feet thick and 20 feet long (vertical extent 
not known) was being mined. A section made 
across the vein on the .500-foot level of the old 
Swansea mine during the earlier survey showed 
ISinchesof pyrito and galena, 18 inchesof galena 
and quartz, 30 inches of pyrito and quartz, 6} 
inches of galena, 3 inchesof pyrito, and 3 inches 
of galena. The only other minerals seen in the 
ore from the 700-foot level were a few' very 


^tended almost continuously along the sur- 
f„ c e for 600 feet or more and reached a maxi¬ 
mum depth of 130 feet. The other shoot has 
beer- sloped continuously from a point within 
40 feet of the surface to a maximum depth of 
790 feet and through u maximum horizontal 
distance of 901) feet between points 100 feet 
(> rlh of the proaent South Swansea shaft and 
500 feet north of the old Swansea shuft. The 
„ en crel shape of the stope is that of a T, with 



small crystals of arsenopyrito (?) and irregular 
grains of clndcopyritc. A little sphalerite was 
found during the earlier survey. No harito has 
ever been reported. Coatings of blue melan- 
torite crystals are now forming along the drift- 
walls. 

The whole vein, according to the mine maps 
furnished by the company, consisted of two 
main shoots with scveml small ones. (See 
figs. 4.5 and 46.) The northern of the two 
main shoots on the upper slope of the ridge 


the stem pitching 3o° N. The smaller stopes 
in part lie just to the north but mostly to the 
south of the second large stope. The northern 
stope and the upper portions of the southern 
stope yielded lead carbonate ore carrying con¬ 
siderable silver. Tho southern stopo below 
the 3.50-foot level yielded mixed carbonate and 
sulphide ore, the carbonate diminishing down¬ 
ward and disappearing nt ground-water level. 

The ores were originally sorted into three 
masses—galena and pyrito, pyrito, aud carbon- 
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ate; the. last is now exhausted. The galena 
and pyrite ore, as stated in the earlier report, 
averaged 50 ounces of silver to the ton, 20 
per cent of lead, 30 per cent of iron, and 15 
per cent of silica; the pyrite ore, 25 ounces of 
silver, 7 per cent of lead, 38 per coni, of iron, 
and 13 per cent of silica; and the carbonate ore, 
90 ounces of silver, 40 per cent of lead, 20 per 
cent of iron, and 12 per cent of silica. Smelter 
returns furnished by the company during the 
recent survey give the following figures: 


A shaft on the Iron Duke is 370 feet deep, with 
water level at 100 feet and a heavy flow of 
water, amounting to 1,000 gullous a day, on 
the 350-foot level. The Yankee Girl is under¬ 
stood to have yielded a considerable amount of 
oxidized ore. 

Further cast are the Cleveland, Murray Hill, 
Rabbit's Foot, and Primrose claims. The 
Primrose has a shaft 230 feet deep. 

About a mile cast of Silver City are the Sun¬ 
beam, Undine, Lucky Boy, Joe Daly, and Tri- 


S writer rclur/us on arc from Sven w-fl mines. 



Gold. 

Silver. 

1 

Coppto*. 

( 

| lx, 

Wet :B 
' say. 

id. 

Kiru 

R«iy. 

j Speiss. 

Silica. 

Iron. 

1 

Sul- 
i pbur. 

2/inc. 

1. title. 

Minimum.. 
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Average of 15. 

Ounce. 
0. 01 
.08 
.03 

Ounces. 
12.4 I 

48.6 

30.7 | 

Per cat! 

0.0 
.6 j 
.28 

1 

Per cent 
2. 5 
23.6 
11.G I 

1 

Per cent 
4. 8 
21. S 
13. 5 

Pee cent ] 

0.9 ; 

1 5.1 

2.0 

Per cent J 
10. S I 
28. 2 1 

10. 0 

| 

Par cent. 

• 23. 5 | 
37.8 
31.0 1 

Per nutj 
19.0 
41.7 
31.4 1 

Per cenlJ 
0.0 ! 
2.5 ; 

.9 1 

Per cent. 
0 0 
1. 0 
.5 


The practical absence of gold in the presence 
of so much pyrite is noteworthy. The silver 
varies in quantity with the lead as a rule, but 
some pyrite bodies are said to curry enough sil¬ 
ver to make ore. Of this class is evidently the 
ore mined on the 910-foot level since the writ¬ 
er’s visit, which is reported (an average for 00 
days’ production) to run 0.03 ounce of gold and 
12.2 ounces of silver to the ton, 37 per cent of 
iron, and 12 per cent of insoluble matter. The 
negligible amount of copper is striking, in con¬ 
trast to its abundance in other mines. The 
speiss evidently represents the arsenic from 
arsenopyrite, ns no ennrgite has been recorded, 
and its absence is confirmed by the almost total 
absence of copper. The zinc, in sphalerite, is 
irregularly distributed, but even its maximum 
quantity is negligible commercially. Culcito 
and dolomite aro practically absent hi the 
gnnguo. 

OTHER PROPERTIES. 


In the earlier report mention is made of a 
lumber of properties which now m e mostly idle 
md the workings of which are largely cared, 
rhe following notes are taken largely from that 

■©port. „ 

South and east of the Swansea me the hum 
Ices, Park, Silver Bow, Monterey, Iron Duke, 
md Yankee Girl properties. The veins are dis- 
inct, but so far little ore has been extracted. 
1 04350°—19 - 1 " 


umph claims, and a quarter of a mile southwest 
of these lies the Shoehridgo Bonanza. Several 
of this group have yielded ore during late yearn. 

The. Sunbeam is the oldest mine in the dis¬ 
trict and has been opened to a depth of 490 feet. 
A strong vein has been followed for 4,000 loot, 
the strike being N. 25° E. and the dip steep or 
vertical. Just below the Sunbeam shaft the 
vein sends off a strong branch to the south. 
The greatest width is 10 foot. The Sunbeam 
vein has been productive throughout its length, 
but no ores of high grnc’o have boon found below 
the water level. It is reported that the Sun¬ 
beam mine alone, representing only about one- 
sixth of the length of the vein, has yielded over 
•5500,000 in oxidized ore. Such u vein would 
seem to have possibilities in depth, but a very 
heavy flow of water, encountered at 490 foot 
stopped operations. 

The Undine vein has been developed to a 
depth of 350 feet and is traceable on the surface 
for nearly 2,000 feet. The vein strikes north¬ 
east and dips 50°-S0° NYV. 

The Martha Washington, King James, and 
Brooklyn are situated north-northeast of the 
Sunbeam, just south of the contact. From the 
Brooklyn claim mainly limonito had been 
shipped, occurring on theenntact (p. 258). The 
Martha Washington and a number of parallel 
veins ure traceable almost up to the contact. 
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hut none of them have boon followed across it, 
Tho Martha Washington vein is traceable witii 
interruptions for 3,000 feet south-southwest to 
tin 1 Triumph. Tho Martha Washington shaft is 
350 feet deep, and the ore, to judge from the 
dump, contains much massive pyrite and some 
onnrgito. 

Near Ruby Hollow, in tho southeast corner 
of tho area shown on Plate IV (in pocket), are 
several prospects on veins in tho white ultored 
monzonite porphyry. The New State prop¬ 
erty has four veins, none of thorn over 2 feet in 
width, which strike northeast and dip t>()° W. 
The ore is siliceous and contains tetrahodrilo 
and ehalcopyrite. 

In the Diamond district, south of the area 
shown on Plate IV and about. 2.1 miles south¬ 
east of Silver City there are a considerable num¬ 
ber of prospects, but few of them are worked at 
present. The. veins contain, pyrite, enurgito, 
and some galena in a siliceous gangue; they 
trend north or north-northeast. At tho Treas¬ 
ure Mill mine, which is said to have produced 
large amounts of on' in the past, the sulphido 
zone whs found 250 foot below the collar of tho 
shaft. Below tills not much progress was made 
on account of heavy water. The Ilomestako 
mine has likewise produced much ore during tho 
early history of the district. Its ores carry 
both gold and silver, with enurgito and galena. 
The oxidation extends to a depth of about 200 
feet. 

The Treasure Hill mine has a shaft 225 feet 
deep. Tho vein has the unusual strike of N. 
30° W., dips northeast, and is 2 to 4 feet wide. 

Tho Old Susan mine, owned by the Old 
Susan Mining Co., is on a low westward-sloping 
spur about. 2 miles sout h-southwest, of Diamond 
and 1 iniloS. 53° W. from the western summit 
of Sunrise Peak. The mine has been worked 
intermittently for several years, aud from 1000 
to 1011 was operated under a lease. The ore 
shipped 1ms contained lead and silver and occa¬ 
sionally some gold. The work has evidently 
been carried on wholly by hand. The under¬ 
ground workings include, besides an old open 
cut, a shaft, a tmuiel (rending S, 40° E. and 
cutting the vein at a depth of 317 feet, two 
crosscuts, and slopes in the vein above the 
tunnel level. No water bus boon met. The 
ore mined, which at present, is sandy lead car¬ 
bonate, is sent down to the tunnel level through 
a chute, trammed to the surface, screened, and 


hauled by wagon to the railroad at Silver City, 
1 miles away. The shipping ore has run 8 to 
17 ounces of silver to the ton and 25 to 40 per 
cent of lead. 

The country rock is the monzonite porphyry, 
which is intrusive into the luff and agglomerate 
of the Volcano Ridge mass. The intrusive con¬ 
tacts exposed in the. tmuiel are vertical. The 
vein, so far ns mined, lies wholly in the nioii- 
zonilo porphyry. 

The vein crops out. along the top of the spur, 
with a N. 52° E. strike uud vertical to very 
steep northwest dip. It lias been stoped con¬ 
tinuously from close to the surface down to a 
depth of 100 feet, or more and in its widest 
part is from 15 to 30 foot wide. The walls in 
the few places that could he examined closely 
were stripped clouu of ore, and tho only un- 
oxidized materials found were a few fragments 
of gu leria-pyrito-qua rtz ore of the Swansea 
type. Tho relation of the vom to wall rock, 
whether sharply defined or gradual, could not 
bo studied. The ore thus far mined, to judge 
from the ore pile, is thoroughly oxidized to 
sandy lead carbonate and limonite. Lumps of 
low-grade or barren quartz urc removed by 
screening. The vein matter exposed in the 
tunnel consists of kaolinized porphyry and 
quartz, both sprinkled with pyrite and both 
brecciated. No galena was seen on the tunnel 
level. 

IRON-ORE DEPOSITS ALONG THE CONTACT. 

DRAGON IRON MINE. 

Along the contact of limestone and mon¬ 
zonite south and southeast, of Mammoth there 
is a great deal of surface oxidation, and the 
limestone contains irregular bodies of limonite, 
kaolin, and jasperoid. Some such small de¬ 
posits arc found near the Black Jack shaft, but 
the largest mass is on the property of the 
Dragon Consolidated Muring Co., usually 
termed the Dragon iron mine. 

The mine, which is described in part in con¬ 
nection with the Iron Blossom ore channel 
(p. 245), lies along the railroad track 2} miles 
east-southeast of Mammoth, at an altitude of 
6,S00 feet. At the surface the, mine is nil open 
pit about 200 by 75 feet. Tower and Smith 
state that it was being worked in 1897 as aa 
open cut 200 feet deep, the ore being loaded on 
teams and hauled out of tho open eut to the 
surface through large tunnels. In 1911 the 
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pit was really deeper, in part, for on the 300- 
foot level of the shaft a drift opens t.o daylight 
into the pit. A vertical shaft has been .sunk 
since 1S97 to a depth of 1.065 feet for the 
development ol' both iron-ore and vein deposits 
of the properly. 

The country rocks arc altered la lit o and mon- 
zonite porphyries and mot amorphic, limestone, 
including the Ajax nod Opohonga. The lime¬ 
stone surface pitches steeply southward be¬ 
neath the bleached, altered porphyry. No cer¬ 
tainly intrusive contact at or near the surface 
is known east of the northward-trending monzo- 
nite contact that lies 750 feet west of the shaft. 

The eastward-trending contact of limestone 
and monzonitc, which is hero difficult to trace, 
appears to extend directly across the pit. It. 
dips southward and goes below the 300-foot, 
level, though the shaft passes into the limestone, 
which continues downward. A vertical drill 
hole that extends 906 feet from the bottom of 
the shaft is almost wholly in limestone, passing 
into monzonitc 6 feet from its bottom. An¬ 
other vertical drill hole 726 feet deep in the 
gulch east of the Brooklyn shaft passes through 
the porphyry into limestone that is cut by three 
apophyses of monzonitc porphyry. A horizon¬ 
tal drill hole on the 600-foot level has proved 
altered limestone to extend at least as far as a 
point 540 feet east aud 225 feet south from the 
shaft. Another hole on the 600-loot level has 


proved it to extend at least as far as a point 
590 feet east and 500 feet south from the shaft. 
East and south drifts on the S00 and 1,000 toot 
levels pass out of the altered limestone into mon- 
zonite identical with that of the main stock. 


The great body of iron ore occurs in shoots 
which arc of irregular shape Imt whose largest 
dimensions run approximately cast or north. 
They stand nearly vertical and aro complete!} 
surrounded by a mas 3 of hard kaolin (locally 
called “talc.”) which may contain consider¬ 
able free silica. The boundaries of the shoots 
are marked by minute branching cracks 
stained with brown iron oxide, which pene¬ 
trate for a short distance into kaolin, and by 
b pecks or small spots of the oxide, which im¬ 
pregnate the kaolin. 

The ore body of the pit is said to end just 
below the 300-foot level. On the 400-foot 
level was encountered another body of iron ore 
which appears to bo h flat mass ending u short 
distance below that level. The iron ore of 


both bodies is a compact limonite (perhaps 
with some hematite) with 55 to 57 per cent 
iron and 4.5 per cent silica. 

Much of the oro contains a trace of gold; the 
silver content is irregular, at most 2 ounces to 
the ton. Copper stains arc rarely observed. 
Plmraaacosideritc, an arsenate of iron, may be 
seen in places, but the quantity is insignificant. 

The ore bodies arc surrounded by white 
masses of kaolin, which gradually becomes 
ferruginous and silicifiod and finally passes 
into limonite and jasperoid. The surveyors of 
(ho company state that the ore body is not 
magnetic, and the surrounding limestone cer¬ 
tainly contains no magnet ite other than u few 
microscopic grains. 

Tower and Smith observed that the ore 
bodies in the pit stand nearly vertical and fol¬ 
low both northerly and easterly fissures, but 
from present exposures their attitude seemed 
difficult- to ascertain with cert ainty. The-sumo 
authors state that, in the pit wore also found 
isolated masses of copper-lead ore rich in 
silver, with a quartz and barite gangue. This 
statement confirms the observation that, the 
Dragon vein crosses the open pit, and as these 
ore masses “are almost invariably found in tho 
plane of projection of (his vein” a justified 
conclusion is that they are simply parts of this 
vein which have later been surrounded by 
limonite. 

“The limonite [of (ho pit] is either in cavern¬ 
ous masses, having horizontally banded bot- 
ryoidal structure or in dustlike particles 
through the jasperoid."' 

An analysis of the iron oro by George Steiger - 
runs ns follows: 


Analyst* <•/orcfmnL Dragon iron mi/u. 


SiO, .-. 

- 3 25 

TiO*.. 

. None. 

au5,. 

. 76 

Hj.O 100- ... 

. i. 71 

Fe.Oj. 

. .SO, 02 | 

ir.o too-}-.. . 

. 12. 30 

FoO . 

. 24 

. 

.47 

(V> 

. 42 

s. 

. io 

MgO. 

.30 | 

i’A . 

. 78 


. None*. [ 



TlaO . 

. None. 1 


100. 33 

MnO . 

. 'lYncc. 1 




Under the assumption that the impurities 
exist as free silica, silicates, phosphates, and 
sulphates, recalculation indicates an iron 
hydroxide composed of 80.6 per cent Fe.O s and 

i Tower, 0 . W„ Jr., nod Smith, c. 0„ op. ell,, p, rwv. 

* Mora, p. <t>7. 
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13 per cent 11,0. Pure limonite contains 85.5 
per cent Ec.,0, and 1 1.5 per cent 11,0. Con¬ 
sidering that a small pari of the ferric oxide is 
almost certainly combined with silica and sul¬ 
phuric acid, there is sin nil probability of the 
presence of hematite, tnrgite, or gocthite in the 
material represented by this analysis. 

The X. 72° E. drift on the 175-foot level, 
starting just north of the shaft, passes through 
white or nearly white, kaolin to a point about 
110 feet from the large, open cut. Here il 
passes through a zone full of stringers and 
patches of iron ore. which gradually gives way 
to it. body of iron ore, with a minor amount of 
black manganese ore and a few large inclusions 
of kaolin. The. iron ore is continuous to the 
lxiLlom of the open cut. Similar largo inclu¬ 
sions of kaolin are exposed in the. north and 
northeast walls of the open cut, and their ex¬ 
posed long dimensions as n rule are vertical. 
The north crosscut from the N. 72° E. drift 
passes through kaolin for most of the distance 
but also cuts a large block of impure crystal¬ 
line dolomite that closely resembles the meta- 
morphie portion of the Opohonga limestone. 
It is hounded on the north by kaolin strongly 
impregnated with black manganese oxhle 
(wad), and on the south, along a joint plane, 
by a mixture of kaolin and the iron end manga¬ 
nese oxides. The iron and manganese show a 
tendency to concentrate between the dolomite 
and kaolin. The dolomite block is brecciated 
in places, and cracks near its edges in the roof 
of the drill are streaked with the iron and 
manganese oxides. 

Kaolin seams in iron ore on the 400-foot 
level are said to he. parallel to the bedding. A 
similar structure is exposed on the. surface in a 
railroad cut. just northeast of the- open cut-— 
that is, near the edge of lbe iron-bearing 
ground—where certain beds of crystalline dolo¬ 
mite or limestone arc partly replaced by brown 
iron ore. On the 600-foot level a horizontal 
drill hole Inis proved iron ore and kaolin in 
more or less altered limestone (or dolomite?) to 
extend southward for at least 125 feet from a 
point 540 feet cast of the shaft. Another drill 
hole on tile, same level lias passed through seams 
of iron-stained kaolin from a point 330 feet 
south and 230 foot east to a point 500 feet 
south and 500 feet east from the shaft. The 
rock containing the kaolin is altered limestone 
which in places carries much pyrite. These 


drill records appear to mark the lower ex¬ 
tremity of the ore body, which seems as a whole 
to follow tiie limestone contact beneath the 
porphyry. 

On tlio 800 and 1,000 foot levels the lime¬ 
stone Is for the most part coarse!} 7 crystallized 
without met amorphic silicates or spinel. The 
dips are low to the east, as shown on the maps, 
and as a whole are uniform. The original 
characters by which limestones were distin- 
guished on the surface are all obliterated b.V 
raetiimorphism. According to u calculation of 
I hick ness the limestones of these two levels 
should both be in the Cole Canyon dolomite, 
although certain specimens collected on these 
lcvcLs have a relatively high calcium contact. 

The contacts between limestone and igneous 
rock on these levels are all intrusive, and the 
igneous rock is lnonzonitc of the type in the 
main stock, none, of the possibly effusive types 
si’.own on the surface to the south and east of 
tl’.c Dragon shaft being represented. The con¬ 
tacts to the west end of the 800-foot level, in¬ 
cluding the south crosscut from the west end, 
arc sharp and nearly vertical. The monzonitc 
is somewhat impregnated with pyrite and con¬ 
tains considerable sericitc accompanied by cul- 
cito and silica in microscopic grains. The con¬ 
tact in the south drift of the SOO-foot level is a 
complex of monzonito apophyses and meta- 
morphic limestone inclusions for a distance of 
over 100 feet. Monzonite was struck on the 
1,000-foot level southeast of the shaft, as shown 
on the maps, one or t wo days after the visit in 
1014. The. contact is sharp and showed little 
evidence of kaolin and limonite. The monzo- 
nite contains some disseminated pyrite. 

An interesting feature is the discovery of 
smaller masses of kaolin and limonite hi west 
<irifts on the 800-foot and 1,025-foot levels in 
the vicinity of the Brooklyn shaft, where 
bodies of the same minerals also appear on the 
surface. These bodies are still above the water 
level. This material is of the same character 
as the general run in the Dragon iron mine. ' It 
replaces the inarbloized limestone, and the 
smaller exposures lie along distinct fracture 
lines. 

The Huntiugton tunnel, a short distance 
east of the James tunnel, extends for 45 feet 
through altered monzonite porphyry and then 
passes across a nearly vertical contact into 
white kaolin, which for a few inches from the 
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iontnct is spooked with brown iron oxide. A 
pecimen of the kaolin from the coot ail gave, 
in drying, a small ellloroseenoe of soluble white 
alt with tho taste of alum. The kaolin con- 
inues to tiro end of (lie tunnel, at one place 
uttiug across the bottom of a limonitc body 
fig. 47), which pinches downward about half- 
ray from the roof to the floor of the tunnel, 
rregular fractures, branching and erisseross- 
ng in all directions around the limonitc, are 



acp.Fi 47.—StrlCRorsof UinonitprepUriuRkaoliu, Huutingum '.nmwl. 

ained with the iron and manganese oxides 
hich spread from the fractures into the kao- 
n. A few remnants of uiu’cplaccd kaolin 
ill remain surrounded by iron ore, dupli 
iting on a small scale the inclosed kaolin 
asses in the largo open cut. 

BLACK JACK IKON MINE. 

The Black Jack iron mine, owned by the 
lack Jack Consolidated Mining Co., lies in 
etamorphic limestone about 500 feet due 
>rth of Diamond Fuss, along the north end of 
i altered northerly dike extending from the I 
onzonito mass. The ore is of the same char¬ 
ter ns that of the Dragon iron mine and is 
ined mostly by open cut. A tunnel from 
e road west of the dike, 100 feet below the j 
cn cut, also penetrates iron ore; but. the 
posit pinches out within the next 100 feet 
wnward, as the 200-foot level from the i 
ack Jnek shaft, cut to prospect the iron-ore 
dy, faded to find cither iron ore or quartz, 
us proving that tho iron ore is a supe.r- 
ial deposit and not tho gossan of a siliceous 
in deposit. Tho open cut lies along the 
it wall of the dike. Tlie dike is altered 
•mr the wall of the open cut to a kaolunzed 


mass, which gradually changes into the ore. 
On the surface, at the top of the iron-ore 
outcrop, is a breccia composed of silicified lime¬ 
stone fragments in an iron-stained matrix. 

At one of the small prospects about 450 
feet up the slope east of the open cut a bed of 
tho silicified rock forms a cap over a body of 
yellow to red low-grade soft iron ore. Tlus 
ore, a mixture of iron oxide and white kaolin, 
is replacing mot amorphic limestone and has 
in places preserved the structure of the original 
rock. The motamorphic limestone below the 
deposit, and southward to the monzonito con¬ 
tact is the brown-weathering pyroxene-sninel 
rock crisscrossed by veinlets of white oulcite. 
A thin section o? this rock shows it to consist 
of enslatitc, more or Jess completely replaced 
by serpentine and a little caleite, and green 
spinel, replaced bv brown iron oxide and 
kaolin. A little garnet, magnetite, and prob¬ 
ably pyrile are also present, more or less 
replaced by brown iron oxide. Tiie weathered 
surface of the rock is well sprinkled with iron- 
oxide specks, which must represent for the 
most part spinel and also the garnet, mag¬ 
netite, and pyritc. The total iron present, 
however, is small and could scarcely account 
for even the small Black Jack deposit, not to 
mention the great. Dragon deposit, without a 
vast amount of concentration. 

OTHER OCCUBBENCES OF IKON OEEIN THE 
TIN TIC DISTRICT 

Other iion and manganese deposits of the 
Dragon type have been worked at the Iron 
King mine, and small deposits have been found 
in the East Tintic. Development Co.'s mine, 
in the Tiutio Standard mine, and on a claim of 
the Chief Consolidated Mining Co. near Ho¬ 
mans vi lie. 

The Iron King mine is over half a mile east 
of theColorado mine. The immediate wall rock 
is the Bluebell dolomite, which slopes southward 
beneath tho bleached silicified early rhyolite. 

A little float marks the former presence, of the 
Packard rhyolite, which once overlay the site 
of the mine. No intrusive rocks were recog¬ 
nized, although a few dikes may be present 
and concealed by the general bleaching. 

Tho occurrence in the Tintic Standard work¬ 
ings is along the northwest drift on the 400- 
foot. level. The inclosing lock is dnrk-hluisli 
limestone. The iron-manganese-kaolin de- 
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posit, of the Dragon type, lies along a north¬ 
westerly break. Here, as at the Iron King 
mine, the limestone was once, overlain by the 
Packard rhyolite, but in this locality the near¬ 
est rhyolite outcrops show no widespread 
bleaching. The, only surface indications of 
mineralization in the vicinity of the property 
are, a few outcrops of silicifiod limestone. 

Tim East Tintie Development Co.'s works 
have exposed a similar deposit on the 330 and 
500 foot levels. 

According to the. earlier report 1 iron ore of 
the same kind occurs in I lie Sacramento work¬ 
ings, in lower Cole Canyon, but no description 
is given, and the mine is now idle. The same 
report also mentioned the iron ore of the 
Emerald property in this connection. (See 
p. 2(>:h) 

The Chief Consolidated Mining Co. in 1!)16 
and 1917 made a low shipments aggregating 
897 long tons from a newly opened manganese 
deposit near llomansville. The ore contained 
from 38 to 42 per cent of manganeso, 0.5 to 1.5 
per cent of iron, and 7 to 12 per cent of silica. 

GENESIS OF THE LIMONITE DEPOSITS. 

The question of the origin of the limonite' 
deposits described above is at first glance 
puzzling. Several hypotheses might be con¬ 
sidered. The deposits are assuredly not 
residual, caused by the weathering of lirne- 
stono, for the erosion has been vigorous and t he 
bare calcareous rock is everywhere exposed. 
They are not enused by the weathering and 
oxidation in place of large pyritic bodies 
connected with the veins, for the veins appar¬ 
ently pass through the iron deposits and are 
not difficult to recognize. The deposits are 
not oxidized contact-met amorphic ores, for 
although the Dragon iron, mine is on or close 
to the contact there is no evidence in the 
ndjoining limestone of anything more in the 
way of contact motamorphism than n coarsen¬ 
ing of the grain or the development of onsta- 
titc and spinel, neither of which yields u note¬ 
worthy’ amount of iron on weathering. The 
contact of monzonito and limestone has evi¬ 
dently something to do with the deposits, but 
a different explanation from llioso mentioned 
above must bo adopted. 

The accessible portions of the iron mines 
are almost wholly in rock so thoroughly de¬ 


composed or replaced by iron ore and kaolin 
that there is no opportunity to see the rela¬ 
tions of the ore to the surrounding rock. 
Deposition by ascending waters was the view 
favored by Tower and Smith , 5 who suggested 
that iron leached from the bleached igneous 
rocks had migrated downward and risen again 
in thermal springs that reached the surface 
along the limestone contact and deposited 
the iron in the form of limonite. They 
further stated that the structure of the ore, 
together with the fact, that it was limonite, 
showed that the deposit was made compara¬ 
tively near the surface by thermal springs; 
but deeper workings made since their report 
was written have penetrated beneath the ore 
and found bodies of it to pinch out downward 
and to be underlain by altered limestone, 
impregnated in places by pyritc and cut by 
scams of iron-stained kaolin. They also 
suggested that, the iron ore was possibly de¬ 
rived from the oxidation of pyritc, as indi¬ 
cated by the sulphur recorded in the analysis, 
but no evidence favoring the existence of so 
great a deposit of pyritc has been found. 

The limestone in the vicinity of the Dragon 
and Black Jack deposits is made crystalline 
by contact motamorphism, but that near the 
others is not. Only at the Black Jack deposit, 
are conbact-metamorphio minerals present. 
In the lower levels of the Dragon mine some, 
of the limestone, however, contains sparsely 
disseminated pyritc. 

The field relations show with considerable 
certainty that the limestone is replaced by 
kaolin and limonite and that, possibly in part 
kaolin is replaced by limonite. A thin section 
of an altered limestone near the iron ore on 
the 400-foot level of the Dragon iron mine 
shows clear evidence of the replacement, of 
ealoite by kaolin. 

The igneous rocks also vary in composition 
and structure. That at the Black Jack is an 
altered rnonzonite porphyry dike; that at the 
surface of the Dragon is mostly altered latito 
or rnonzonite porphyry of probable effusive 
origin, which in the lower levels is replaced by 
intrusive luorizonitc; that at the Iron King 
is altered earlier rhyolite partly covered by a 
little Packard rhyolite, both effusive. At the 
other miuor deposits the igneous rock is 
effusive Packard rhyolite, not higldy altered. 


■ Tower, G, W., ]r., and Srnilll, 0. O., i>;j. oU., p. by>. 


> Idem, pp. 603, I/O, 723. 
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In the discussion of the igneous rocks (p. Potash, on the other hand, hud been somewhat 
65) it was shown that the effusive lathes increased and the water above 100° more 
erupted from the Sunrise Peak nock nud per- than doubled. • The rock contained no sul- 
hops from a vent over the. present mouzonife philips and no carbonates, but 0.25 per cent 
stock must originally have stood at a much of sidphuric aidiydride present in a sulphate 
higher level than now, complet ely covering j These authors noted that a great removal of 
the limestone areas, and that a possible, maxi- iron had taken place. Tho fresh monzonitc 
mum thickness of 3,000 feet had been eroded contained 7.07 per cent of Fe-.0 3 + FeO, and tho 
from the volcanic centers. Tlui present main altered rock only 1.10 per cent. They justly 
area and small outliers of the Packard rhyolite attributed the alteration of the rock to hydro- 
show that it, too, once formed a continuous thermal action, concluded that the “universal 
cover, which, because it lias lain in a lower removal of iron from tho igneous rocks in tho 
position than the latito arid andesite series, vicinity of these deposits indicates a possible 
has suffered relatively little erosion. The one source of their iron," 1 and held that the de¬ 
original structural relation, therefore, common posits were made near the surface by thermal 
to all tho iron deposits is that of a body of springs either as limouitc or perhaps as 
dolomite or limestone, altered or unaltered, pyrite. 

overlain by voleanic rocks. Tower and Smith 5 presented the following 

During the period of vein formation the analysis of the altered and blenched “mon- 
ore-forming solutions ascended through tho 
limestone into the volcanic rock along certain 
main fissure zones, spread along minor frac¬ 
tures, and impregnated the rock for a great 
distance from the fissures, altering it to a 
quart z-scricite-pyrite aggregate. This impreg¬ 
nation of the overlying volcanic rocks is shown 
reasonably well just south of the Dragon open 
cut, in the bleached outcrops which have been 
proved by mining and dr illin g to overlie the 
limestone and occupy a considerable area. 

Tlic bleached character of the volcanic rocks | 
is also continuous over au area extending for I 
half a mile northeastward from the Iron Bios- This analysis shows conditions charactor- 
soin mine to the Iron King, where these dearly 1 istic of rock alteration by hydrothermal proc- 
effusive rocks overlie limestone. cages. The leaching of sodium, calcium, and 

Di all the places cited the altered volcanic magnesium, the silieificntion and the concen- 
rocks contain either disseminated pyrite or tration of potassium are characteristic. The 
small cubic and irregular cavities marking its rock contains roughly .30 per cent of soricite 
former presence, and, os indicated above, and 50 per cent of quartz, 
much of the volcanic rock had been removed The absence of pyrite and the strong loach- 
by erosion. I ing of iron are, however, unusual features. In 

Tlic monzouitc porphyry adjoining the on alteration process of this kind in a heavily 
contact at- the Dragon iron mine is a bleached mineralized district the solutions almost always 
light-gray or yellowish soft and earthy rock, contain hydrogen sulphide which would con- 
but the grain of the porphyry and the dull- vert the iron in tho silicates to pyrite. The 
white feldspur crystals are clearly to l>e roe- looseness of the material and its proximity to 
ognized. Good examples of this rock are the surface in a region of deep oxidation justify 
found hi the new railroad cuts near the mine, tho inference that tho hydrothcrniully altered 
Tower and Smith noted the alteration, de- rock has been leached by oxidizing solutions 
scribed the rock, gave an analysis of it, com- which removed the pjTite but were unable to 
pared it with the fresh mouzonite, and found affect other constituents to a great extent, 
that silica was greatly increased, while lime, Ttow^.o. w.,jr.,u>dSmjih,o. o.,op.oii.,p,m 

iron oxides, and soda were largely removed. 1 n<ii>m,p.<wi. 


zomte : 
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After exposure at (ho surface these pyrilir 
volcanic rocks were oxidized by surface wa(M», 
The pyrito oxidized to iron sulphate (ferrous, 
ferric, or both), setting tree sulphuric acid, 
which, reacted with sericite and converted it 
in part to solublo alum and soluble silica, leav¬ 
ing a residue of insoluble kaolin and unattacked 
quartz. The ferric sulphate in part oxidized 
to linionito and was in part carried slowly 
downward with ferrous sulphate, alum, and 
any unused sulphuric acid; or, in the presence 
of a sufficient supply of oxygon, all the iron 
sulphates may have become converted into 
limotiile, with a corresponding renewal of sul¬ 
phuric acid. To a minor extent arsenates anil 
phosphates were formed. The small amount 
of silver i:i the pyritio igneous rock was oxi¬ 
dized to sulphato and precipitated l>y waters 
containing chlorine as cerurgyritc. The mi¬ 
nute amount of gold became dissolved in chlo¬ 
rine generated by manganese, sulphuric acid, 
and sodium chloride in the water and partici¬ 
pated in the downward migration. 

The slow udvaneoof this process of migration 
downward to the contact with the underlying 
limestone would thus bring an increasing sup¬ 
ply of sulphuric acid, aluminum sulphato, 
silica, and iron sulphate in solution. The 
finely divided kaolin and newly precipitated 
iron oxide may also have been to some extent 
carried downward in suspension by water 
percolating through the porous residual muss. 

In the underlying limestone or dolomite the 
ealoium and magnesium carbonates were in 
part dissolved by sulphuric acid and removed 
in solution, leaving only n small residue of 
kaolin, arid in part they wore replaced by 
kaolin; interaction between iron sulphate nr.d 
calcito also produced a precipitate of limonito. 
The final result, of the process would be in port 
tier motnsomntic replacement of the limestone 
or dolomite by limonito or kaolin or both. The 
total amount of iron oro and kaolin thus formed 
would depend upon the t hickness of the overly¬ 
ing volcanic rock and its percentage of pyritc. 

The sulphuric aciil and sulphates involved 
in this explanation woidd have no appreciable 
solvent action upon the vein quartz and barite 
which nve present, in the Dragon iron mine and 
distinctly older than the iron ore. 

After the country rock was replaced, them 
was evidently a tendency for the nowly formed ! 


kaolin to ho itself replaced by iron oxide, pre¬ 
sumably by a reaction with »nv iron sulphate 
still available) or by a simultaneous oxidation 
of iron sulphate and solution of kaolin by the 
resulting sulphuric acid. By this process the 
iron ore and kaolin tended to concentrate into 
distinct bodies, the kaolin preceding the iron 
oro downward and laterally, or away from the 
main sources of supply. Tbo manganese ore 
was formed by reactions of the same kind as 
t bo iron ore; but owing to its greater solubility 
it also tended to precede the iron oro down¬ 
ward, and in- the great Dragon deposit it forms 
small bodies outside of the large bodies of 
iron ore. The manganese oro also has evi¬ 
dently been concentrated by the replacement 
of kaolin. 

The accumulation of ore would naturally be 
greatest where the amount of pyritization. was 
greatest—that is, near the principal vein 
zones. The downward migration of materials 
would tend to localize along the moro persistent 
open fissures ami in shattered rock along the 
intersections or junctions of different fissures, 
thus concentrating the oro into bodies which, 
though irregular in detail, stand in generally 
vertical positions parallel to the directions of 
fissures in the adjacent areas. As the water 
level stands much Iiighor in the mouzonite and 
porphyry than in the limestone the flow of 
solutions would ho mainly in the direction of 
the contact. 

It is impossible to give moro than a rough 
estimate of tho volume of volcanic rock that 
must have been leached to supply the limonito 
in the iron-ore bodies. Tho total amount of 
ore, already mined and in reserve, has been 
estimated by L. E. Ititer, 1 the manager of the 
mine in 1911, to ho between 750,000 and 
1,000,000 tons. Tho pyritized volcanic rock 
may he reasonably assumed to have had an 
average specific gravity of 2.70 (tho mean 
between quartz and sericite), not allowing for 
pore space, which would imply a weight of 
168.75 pounds to tho cubic foot. If pyritc 3 

1 Lrt1i»r to C. . P. LoitchUu, 

1 Thu omi Inti of p.rUe tn ••uiinjillry; suttmoil specific gravity 
will tend to campons do any ovcnr-Umolc of scridt*. If • h© pyrillxcd 
r ‘ ■ on cl* of v> ,. r , in-., , .4(i .» ir'.c) vitha spedl\cgTv.ily of 

2 01,4«* per coni scries to wnbn nfRcfilc Kravlty of 2.76, and 5 pt r ernt pyritc 
wilh a sp.vlGe gravity of VM, tho irperilt© frtvtty of the rm * would to 
2->0 hi'icid of 2.70, and the available quantity of pyrlto ©urmpooU- 
llH’ly ir.nl it. 
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is assumed to !ivorago 5 per cent of Urn rook, 
as in the drill samples mentioned on page 151, 
1 cubic foot of the'roek will contain 8.1 pounds 
of pyrite, equivalent to 6.5 pounds of limonito. 
A block of pyritized porphyry 100 feet square 
and 1,000 feet high, containing 10,000,000 
cubic feet, could thus account lor about 20,018 
long tons of limonito, or from 2.0 to 4 per cent 
of the total estimated quantity. A block 
1,000 feet long, 1,000 feet high, and 250 feet wide 
could furnish all the minimum or three-fourths 
of the maximum estimated quantity of ore. 

There are, of course, many uncertainties in 
this rough estimate: The average content of 
pyrite may have been more or less flnm 5 per 
cent; pyritizalion may have extended less or 
much more than 1,000 feet above the present 
surface; not all the iron derived from a given 
vohuno of tho eroded porphyry was concen¬ 
trated into this one limonito body; pyritizod 
zones in tho limestone, now replaced by the ere, 
must have added materially to tho availahlo 
supply of pyrite. There seems to be no reason¬ 
able doubt, however, that there wus enough 
pyrite in tho former overlying rocks of the vi¬ 
cinity to supply ah the liinouito, even for the 
largest of tho iron deposits. 

The accumulation of the iron ore is doubtless 
still going on, as shown in the Huntington tun¬ 
nel (p. 261), where kaolin is being impregnated 
by limoiiite derivod from oxidizing pyrite in 
tho udjaco.nl porphyry, and alum is being 
formed. The present mass of pyritized por¬ 
phyry from the lower levels, according to tho 
drill cores obtabied beneath Dragon Canyon 
(p. 154), has not undergone much oxidation as a 
wholo, but considerable oxidation has taken 
place along fissures, as shown by tlio oxidized 
ore developed in veins down, to water level —a 
depth of 400 to more than 650 feet in different 
places. Where these fissures reach the lime¬ 
stone the formation of iron ere and kaolin 
should be going on, beginning new deposits or 
augmenting the lowest portions of the great 
Dragon deposits, which have migrated down¬ 
ward along the contact beneath the porphyry 
at least as far as the 600-foot level. Bodies of 
iron tire mav bo found us fur down as the water 
level, but. aiiy below the great body should be 
expected to bo small and to become smallei 
with depth. There may, however, he some con¬ 
cent ration of copper benoath the main deposit, 
if the eroded part of the porphyry contained an 
appreciable amount of copper. The drill core 
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in Dragon Canyon (p. 154) shows that some of 
| the pyrilic monzomte contains as much as 0.5 
per cent of copper. 

NOItTH TINTIC DISTRICT. 

Oy C?. F. I.odgumx. 

TOPOGRAPHY. 

Hie North Tintie district includes all the 
country in the East Tintie Kan go north of the 
Tintie and East Tintie districts. It is divided 
topographically into three nearly parallel 
mountain ranges of northerly trend. Tie 
western ami central ranges are forks of the 
main East Tintie. Range, which splits just be¬ 
yond the northwest comer of the Tintie quad¬ 
rangle, and aro separated by a prominent valley 
known as Bread Canyon. They are charac¬ 
terized by somewhat opposite symmetry. Tlio 
western range has a sinuous divide with several 
rounded peaks, a short and steep though irregu¬ 
lar oils lent slope, and a western slope composed 
of long spun? that extend westward for about 3 
miles w ith very gently sloping crests arid end 
abruptly along the oast, edge of Kush Valley. 
It. terminates on the north in n cluster of foot¬ 
hills which arc separated from the south end of 
the Oquirrh Mountains by tho narrow pass 
which connects Kush and Cedar valleys. Tho 
central range has a straighten* and more regular 
divide, a steep, more regular western slope, und 
moderately sloping eastern spurs that tormina to 
along the west edge of Cedar Valley, a broad, 
fiat closed basin, partly covered by dry farms. 
The eastern or southeastern range ox tends i 10 r t.h- 
liorthoastward from Pinyon Peak, forming the 
southeast boundary of Cedar Valley, and is 
practically continuous with tho Lake. Moun¬ 
tains, which separate Cedar and Utah Lnko 
valleys. 

There uro no towns or villages in tlio North 
Tirade district, owing to the scattered distri¬ 
bution of tho mines. Water is obtained in tho 
western part of the district from wells driven in 
tho alluvium of Rush Valley; in tho central and 
eastern parts from springs, tlio largest of which 
is Greeley Spring, at tho south ond oi' Cedar 
Valley. 

GEOLOGY AND ORE DEPOSITS. 

WESTERN RANGE. 

GEOLOGY. 

Only a hasty reconnaissance of the geology of 
the district has been made. The western range 
coincides with tho principal anticline of tho 
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region, the anticlinal axis passing north-north¬ 
eastward through the northwest corner of the 
Tintic quadrangle and pitching northward be¬ 
neath Broad Canyon. The same sequence of 
strata is represented on the west limb as on the 
cast, save, for the presence of a prominent bed 
of quartzite which lies at the. approximate hori¬ 
zon of the Herkimer limestone in the west fork 
of Broad Canyon, near the Hot; Stufl prospect. 
This quartzite bed has not been carefully traced 
hut appeals to have pinched out eastward, as it 
was not seen in corresponding position on the 
cast limb of the anticline near tint head of the 
east fork of Broad Canyon. There is said to be 
an outcrop of quart/.ito farther north along the 
crest of the central range, but it has not been 
visited by the writer. Such a bed should cor¬ 
respond closely in stratigraphic position with 
the quartzite at the Hot Stuff property. It is 
not likely that this quartzite is an upfaulted 
part of the Tin tie quartzite, us there is no repe¬ 
tition of shale and limestone (Ophir and Teu¬ 
tonic formations) uhove it; on the other hand, 
these two and the Dagmar limestone lie below 
it, and poor exposures of the Herkimer lime¬ 
stone and Bluebird dolomite followed by good 
exposures of tho Colo Canyon dolomite and still 
higher strata lie above it. 

The members above, the Cole Canyon dolo¬ 
mite, including the Opohonga limestone, form 
the. divide that separates Broad Cauvon from 
Bush Valley. The Opohonga limestone is the 
most conspicuously exposed formation along 
tho Euvoku-Seranton trail and forms the sum¬ 
mits of all the peaks from the head of Black 
Rock Cam yon to the head of the north fork of 
Barlow Cauvon. It has not been followed 
north or south of these places. 

West of tho divide the Ordovician and Mis- 
sissippinn strata of the Tintic section Tie across 
tho long westward-sloping ridges between the 
wide canyons (Miner’s, Black Rock, Barlow, 
and others) that enter Bush Valley. They 
striko for the most, part north-northeast and 
dip 20°~3t>° W., but a mile north of the Scran¬ 
ton mine they curve eastward and cross the 
northward-pitching anticlinal axis. The lower 
northern hills of the range are, so tar as seen, 
composed wholly of the Humbug formation, 
which there as a whole dips gently northward 
hut is marked by several undulutious. The 
Humbug also forms tho west face of the range 
southward to Minor’s Canyon aud beyond, pos¬ 


sibly as far south as the low' hills that extend 
westward and separate Tintic and Rush valleys. 
Southeast of these low hills the front of the 
main range turns abruptly eastward, cutting 
across the different limestone formations and 
the west limb of the Tintic quartzite. The 
topography of the range front here strongly 
suggests fault scraps, or typical Basin Range 
structure. 

Igneous rocks in the western part of the 
North Tintic district are limited, so far as 
known, to two dikes or sills of monzonite por¬ 
phyry and a few remnants of surfaco flows. 
Specimens from the dikes have been shown to 
the writer, but neither dike has been seen in 
place. A patch of dark, weathered latite was 
found half a mile northeast of the Eagle Eye 
prospect, on the lower west slope of Broad Can¬ 
yon. A rhyolite patch wus found in tho head 
of the east fork of Broad Canyon, south of 
the Wasa prospect, and other small areas were 
seen farther to the southeast; one of these 
small areas is partly shown on Plate I (in 
pocket) crossing the north boundary of the 
Tintic quadrangle, northwest of Fremont 
Canyon. 

Tho Assuring and faulting that are char¬ 
acteristic. of tho Tintic district persist north¬ 
ward, and faults of considerable offset may 
bo seen even on a brief reconnaissance trip; 
hut no attempt has been made to trace any 
of them. Of the two mines that have shipped 
ore, the Scranton and tho Now Bullion (Bal- 
hinch), the oro bodies of the former are associ¬ 
ated with northerly to N. 15° E. Assures and 
oblique cross fissures, and those of tho latter 
with ivortherly and easterly fissures. 

ORE DEPOSITS. 

The ore bodies thus far worked iu the west¬ 
ern part of the North Tintic district resemble 
those of the Colorado channel or north half 
of the Iron Blossom zone and neighboring m ines 
in the Codiva zone more or less closely in form 
and mineralization but differ from most of 
them in their extremely low content of silver 
and silica, and in theso respects they recall the 
upper workings of the East Tintic Develop¬ 
ment Co.’s mine. 'Hie deposits studied are 
so thoroughly oxidized that data bearing on 
the genesis of the oro nro rather unsatisfactory. 
From the evidence at baud tho ore-forming 
solutions appear to huyo ascended along 
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northerly fissures, branched along certain 
cross fissures (east, southeast, and norlhousp, 
and spread more or less extensively along 
easily replaceable beds of limestone. De¬ 
position along or near tho trunk fissures has 
given a siliceous load or lead-zinc oro, and at 
greetor distances front the fissure si lead-zinc 
ore with a dolomite-colei to ganguo. The 
dolomite forms white granular aggregates and, 
where open space affords, small curved rhom- 
bohedrons. The cnlcito is present in two forms— 
narrow pointed crystals (sealenohedrons) the 
largest an inch or more in length, which 
mark either the. closing stages of primary ore 
deposition or deposition from primary solu¬ 
tions at some distance from ore bodies, and 
Hat rliomhs or scaly crystals, which arc the 
result of secondary changes in the ore and 
whose formation accompanied or closely fol¬ 
lowed the deposition of the secondary ore 
minerals. Descending waters have oxidized 
the original load and zinc sulphides and con¬ 
centrated the motals, especially the zinc, down¬ 
ward along both bedding planes and fissures. 
In some places a mixture of calc.ite and the 
hydrous oxides of iron and manganese has 
been left to mark the original position of the 
ore body. The zinc has moved as a rule faster 
thau the lead, and this has given riso in sonic 
places to separate though adjacent bodies of 
lead ore and zinc ore; hut. in other places the 
migration has been less and both metals occur 
together. 'Hie cause of this difference in 
mode of occurrence is concealed by the com¬ 
pleteness of oxidation, but it- is believed that 
the separate shoots of lead ore and zinc ore 
were derived from practically solid mixed sul¬ 
phide bodies, the zinc content descending and 
replacing the limestone walls, whereas the 
mixed lead-zinc ore was derived from sul¬ 
phides thickly disseminated in limestone, the 
calcium carbonate reacting with the oxidized 
zinc solutions and causing precipitation prac¬ 
tically in place. These features arc all illus¬ 
trated in the description of the Scranton mines. 

SCHANTOK MINES 

GKM KRA L FEATURES. 

The Scranton mines, owned by the Scranton 
Mining & Smelting Co., are on the north and 
south sides of Barlow Canyon, about It miles 
from its mouth, about 9 miles northwest o. 
Eureka. (See fig. 48.) They have produced : 
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zinc and lead oro. A gasolino compressor for¬ 
merly furnished power for running two whims, 
but. electric inever is now used. Water is 
hauled from the company’s well in Rush Vol¬ 
ley. 1 miles away. The oro, after sorting, is 
hauled by wagon (6 tons to a 4-horse team) 4 
miles down an easy grade to tlie Los Angelos 
& Salt Lake Railroad at Del Monto station. 
The underground workings include four dis¬ 
tinct mines—the South Essex Nos. I and 2, the 
Magazine tunnel, and tho Del Monte. These 
lie in a north-south zone which extends across 
Barlow Canyon for .1,000 feet or more. (Sea 
PI. XXXTX.) AU are entered by tunnels, and 
different levels are reached by inclined raises 
and winzes. 

Tic immediate country rock is tho Pine Can¬ 
yon limestone, which strikes northeast and dips 
25°-45° NW. Tho dip undulates somewhat, 
and local variations of horizontal and also of 
nearly vertical dip are found in a few places, 
both on tho surface anil underground. Tho ore 
bodies, as in the Bon Blossom zone, liuvo boon 
formed by replacement of a certain member or 
members of tho eounse-grainod limestone. Tho 
nearest reported occurrences of igneous rock 
are two small dikes or sills of monzonito por- 
' phyry, one on the same, ridge as the Del Monte 
mine and ulwnit a mile west of it, the other in 
the first small canyon south of Black Rock Can¬ 
yon, about 2 or 21 miles south wee t of the South 
Essex workings. 

Fissuring and faulting are pronounced in cer¬ 
tain places underground but are so concealed 
beneath float at the surface that the size and 
directions of the principal faidts can he deter¬ 
mined only by a detailed study. The most 
pronounced fissming underground is along tho 
fault zone known as tho “Scranton fissure,” a 
series of breaks, mostly open, which converge 
at low angles both along strike and dip. Its 
strike Is N. I8°-20° E. and its dip as a rule is 
vortical to 80° W. ( with 68° W. in the northern 
Del Monte workings as the greatest variation 
from vortical. A few minor branch fissures in 
this zone have easterly dips. Tho meager evi¬ 
dence at. present available indicates that the 
“Scranton fissure” was formed after the min¬ 
eralization, as it cuts off a thin hod of leached 
mineralized rock in the northern Do! Monto 
workings; but no attempt lias boon made to 
determine the amount, and exact direction of 
displacement. Easterly faulting, also later 
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than mineralization, may have occurred along these directions is about 00 feet. The thiek- 
tho course of Barlow Canyon ami along its ness between the N. 70°-S0° E. breaks is 10 
branch between the portals of South l'ksox feet or more; hut at the northern of these 
tunnels Nos. 1 and 2, but the apparent oiTseta fissures, a small fault with downthrow «m the 
in these places may be due to local vnrin ions north, the ore follows in a thin streak down 
in strike* and dip concealed beneath alluvium, the fault plane for 4 feet and then continues 
Other fissures, directly connected with the northward along the bedding with a few 
formation ol ore bodies, lie in three, or four “gopher holes whore ore has been stoped. 
systems; one. of these strikes N, oU' lv and the northwest end of the ore hodv extends 
dips steeply eastward in the southern Del down for 20 feet along the N. 3.5° W. fissure 
Monte and other mines, and curves to due at its junction with a spar-fiUed fissure., proba- 
nortb with a 60° W- dip in the middle, and lily of the “Scranton lissuro" zone. The ore 
northern Del Monte. A second strikes N. mined was all sandy load earbonatc with little 
6()°—S0° E. and clips 70°-S0° N. where tho first or no zinc.. Toward the southern N. SO 0 1C. 
strike's N. 30° TC.; and the same or a third >ys- break and up the dip of the bedding the ore is 
torn strikes N. 50°—55° E. and dips 70° 8. where hounded by red iron oxide, witii sonic quartz, 


the lirst. system strikes north. Another system caloito, and kaolin, which lias been followed 
strikes N. 35° W. and clips steeply northwest, in a raise to tne surface.. These same minerals 
As the ore bodies lie along the course of the form a more or less continuous cover or "rns- 
first of these systems, this system ap|>eurs to ing” over the ore body ami along its sides, 
have been tho trunk channel ulong which the The second ore body, also of sandy lead nit- 
ore-forming solutions ascended. The ore bod- boiuito, lies a little more thun 100 feet, further 
ics, however, are all so thoroughly oxidized and north, probably on the same limestone bed c.on- 
tho walls of the slopes and most ol the pros- titiued obliquely down the dip. Tho area of 
peeling tunnels are so thoroughly decomposed ore is roughly elliptical, measuring 20 by 30 
that ovidonen is at best obscure. The cl'.ango f<< c t, but the “casing” has been followed S, 33° 
in the strike and dip of this system is similar E. beyond it for 45 feet, where tho drift cuts 
to tho changes in strike of the Uncle Sam tho surface on the west slope of a small gulch, 
“west channel'’ and tho East-Tintic Develop- About 25 feet west of the sfcope a little a ce¬ 
ment Co.'s vein (pp. 227 and 247), but in this ondary zinc ore with ealcitc and iron and 
locality the place where the strike changes has manganese hydroxides lias been found in the 
not been well exposed ami an intersection with Scranton fissure, evidently leached from (lie 
a cross break can only bo conjectured. Fis- oro body. No prospecting west of the Scnin- 
suros or cross breaks of tho other systems appear ton fissure lias been attempted at shallow 
to lniyo determined tho location of some of the depths, and the possible westward continua- 
ore bodies along favorable limestono beds. tion of these ore bodies has not been tested. 


ore bodies along favorable limestono beds. | tion of these ore bodies has not been tested. 

ork bodies. South Essex. No. 1 .—The workings of tile 

.. . .. South Essex No. 1 lie 115 and 175 feet below 

Tho oro bodies all lio parallel to the podding, ^ ^ &)ufch Nq 2 bufc arewho]ly 

replacing beds of medium to coarse 1 ' Q1 . euK ( n f the Scranton fissure zone and in 

moro or less doloiuit ic roestone. ' Vl ' . tho fine-grained blocky limestone that under- 

lmvo boon worked, besides a srn lies the coarse-grained limestone. The only 

°t & two ' n the ^ JU f - b Essex o ^ n . e . . ore found in South Essex No. 1 was a small 

Magazine tunnel, and four m 11® bunch of secondary zinc oro in a fissure. Its 

m > n0, _ l i; ps . source call not he determined. 

. «-• S* f-rTl.T.TJ r tunnel. —The Magazine tunnel 

in South Essex No. 2 have been wor c workings have opened up two beds of miner- 

Tlie southern one lies at the interscc ion < ground. One is a rather low grade 

N. 30 5 E. fissure and n N. 35^ "V ^ 'r^g^urcs ! doposit formed by tho impregnation of a 
three nearly parallel N. 70°-80 '• ^ ‘ I medium-groined dolomitio limestono bed ex¬ 
find is only 20 feet or less beneath t e sui ‘ ^ ^ IC upper south drjft arid along part 

Its outline is nearly square °_ r _ 0 p an incline that connects the upper drift 

branches wfluch extend along tiie • J - . , mn in tunnel level. The ore is only 

and N. 35° W. figures. Its total 
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pnrt.lv oxidized and in the upper drift con¬ 
sists of galena, dark-brown micmcrystallinc 
zinc, blende, and lead carlamute, closely asso¬ 
ciated with dolomite spar and a very little 
microscopic, quartz and pyritc. In one place 
a small vug was found lined with small twinned 
calcite Hc.ulcnohcdrons of later growth than 
the dolomite. In the incline below a largo 
pocket of zinc, carbonate and silicate with real 
iron oxide and flat rhomhs of calcite was 
found along the bedding, ami below this on the 
main tunnel level some secondary zinc, ore 
with iron oxide and calcite was found in a N. 10° 
E. fissure. This ore body, though not of much 
commercial importance, has afforded the best 
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clnmcc to study the original ore and the 
relation of zinc, to load. 

Tho second Magazine tunnel ore body, now 
worked out, lies 1 MO feet or more stratigraph¬ 
ic, ally above tho first. Its upper part (fig. 49) 
consists of lead carbonate sto]>o MO feet long, 
70 to ISO feet wide, and 10 (o 15 feet thick. Its 
lower part is a zinc-ore stopc (carbonate and 
silicate) 100 feet long, 40 to HO feet wide', and 
B to 24 foot thick. The whole body extends 
down the 30° dip of the bedding in a N. 40° 
W. direction from tho uppermost level, near 
the surface, to tho Scranton fissure zone on 


tope forms the upper 50 feet and the zinc 
slope the lower 1 10 feet. Tho stopes when 
visited wore inaccessible tor close study, but 
(he following features are of interest if con¬ 
sidered with tho data from the other ore bodies. 
'Tho N- 10 ° YV. trend nearly parallels the N. 
35° W. fissure system. The separation of zinc 
from lead marks the completion of oxidation 
and secondary downward concentration. The 
great scarcity of unoxidized ore throughout 
the Scranton group prevents any statement as 
to the average ratio of original galena to zinc 
blonde, and accordingly of the amount of 
downward concentration. A representative 
analysis of the zinc ore shipped gives 0.5 
ounce of silver to the ton, 2.5 per 
cent of lead, 14.1 per cent of in¬ 
soluble matter, 32 per cent of 
zinc, 0.4 per cent of sulphur, no 
speiss, and 5.9 per cent of iron. 
The lughest-gradc ore shipped 
carried 52 per cent of zinc. No 
figures representing the character 
of the lend ore wero obtained. 

Del Monte .—The Del Monte 
mine, the largest of the group, 
is opened by three tunnels—the 
Biddle.com, Cole, and Del Monte 
(PI. XXXfX)—all of which run 
northward mid aro connected by 
drifts and inclines. To the. east 
of those three is the Grand Cross 
funnel, now abandoned, which 
extends a short distance, to an 
old stopc. 

Of the three principal tunnels the Bidclle- 
com follows a fissure that strikes N. 15° E. 
and dips 6U° SE., along which two small 
bodies of lead carbonate have been sloped. 
These stopes lie on the hanging-wall side of the 
fissure and tiro incased in u mixture composed 
principally oL the hydrous oxides of iron and 
manganese accompanied by calcite. Beyond 
these, stopes the main course of Assuring changes 
to N. 20° E. Mineralized rock persists, and at 
one place., about 130 feet from the slopes just 
mentioned, a small body of lead carbonate 
with a gangue of quartz (silieified limestone) 


the main tunnel level, where it. turns against has been sloped. This body occurs at tho 
a west wall of slialy dense limestone ami fol- junction of two fissures of parallel strike, one 
lows down along the nearly vertical fissure dipping 60 o w ant j ono 2o°-f*0° E., and also 
20,10 for 50 f°'d- T be total vertical height of ropl ae<ls a limestone bed for a short distance, 
tho ore body is 190 feet, of which the lead I The replaced bed is faulted for 6 or 7 feet vor- 
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tic-ally by a third fissure of steep easterly dip, 
which is itself silicified between the offset 
portions of the bed. 

The Colo tiumcl, 150 feet northwest of the 
Biddleeom tunnel, also starts in an ore outcrop 
and extends N. 20° E. for 100 feet along the 
east edgo of an irregular bedded stone inter¬ 
rupted by three large pillaiv. and now largely 
filled with waste. The ore in this slope close 
by the portal was principally lead carbonate 
with iron oxide; elsewhere it was a mixture 
composed chiefly of lead ami zinc carbonates, 
locally known as "combination” ore. The 
north oncl of the Cole tunnel slopo lies 23 feet 
above the southwest extremity of the prin¬ 
cipal mineralized area in the mine, and the 
intervening ground is heavily stained with 
iron oxides and closely associated ganguc 
materials. 


graph. This zinc ore may prove to be com¬ 
plementary to the leud carbonate ore just men¬ 
tioned. Other slopes in tliis area are of typical 
combination ore aud need no special descrip¬ 
tion. Tile area, as shown by drifts at the time 
of visit, was roughly 200 feet square, and the 
ore stoped ranged from 7 feet- down to 1 foot in 
thickness, forming pinches and swells with 
no apparent regularity. Two fairly repre¬ 
sentative analyses of “ combination ” ore from 
this area are as follows: 

Analyse* of “ combination" ore from Del Monte Inn to I, 


Silver . 


0. 15 

0. to 

Lead. 

.per coat. 

8.1 

2.5 

Insoluble matter. 


11-9 

14. 1 

Zinc. 


38.5S 

32. 00 

Sulphur. 

. ....do._. . 

.4 

.1 

Speies . . . 


,n 

,0 

Iron . 


r.o 

n. on 


The principal mineralized area lies north of 
the Biddleeom and Colo tunnels and is worked 
from tho Del Monte tunnel, whose portal is SO 
feet west of the Cole. Mineralization in this 
area has been proved by a network of drifts to 
be continuous, and the deposit has been worked 
in several different slopes. Tho two eastern¬ 
most (highest) slopes lie due north of the Bid- 
dlecorn tunnel. The sou them one yields chiefly 
the "combination ” ore, which is bounded on 
the east by the typical mixture of limonite, 
psilomelane, and calcitc. Downward, along the 
dip, the “combination” ore is followed by a 
small body of zinc ore, largely calamine, and 
directly beneath this is limestone impregnated 
by a mixture of galena and cerusito and cut by 
a fracture filled with concentrated cerusito. 
This reversal of relation, zinc ore below lead ore, 
which is so marked in the Magazine tunnel as 
well as in certain mines in the Tintic district, 


The zinc is said to range as a ride between 20 
and 40 per cent; the load between 2 and 12 per 
ccn t. 

The next ore body to the north, tho Wolf 
winze stope, begins 45 feet below and 25 feet 
beyond the northwest limit of the principal ore 
body. Tliis stope has yielded a lead carbonate 
ore, high in iron with a gangue of quartz (silici¬ 
fied limestone). Its area is roughly 40 by 60 
feet, and it is hounded by two sets of parallel 
fissures, one trending north and the other N. 
40° E. The northerly fissure, which passes 
along the east boundary, dips 60° W. and hem's 
much the same relation to this body as the N. 
20° E. fissures bear to the siliceous lead ore 
body in the Biddleeom tunnel. Assays of ore 
from the Wolf winze stope give as a rule from 
0. 5 to 1.5 ounces of silver to the ton, 21 to 33 
per cent of lead, 8 to 24 per cent of silica, 2 to 3 
per cent of zinc, and 23 to 32 per cent of iron. 


is evidently the result of incomplete downward 
concentration, the underlying partly oxidized 
lead ore having lost much of its originally asso¬ 
ciated zinc blende by downward leaching, and 
the overlying oxidized zinc ore having mi¬ 
grated down the dip from a higher position. 
Tho northern of the two stopes has yielded 
along its eastern (upper) edge a small amount 
of lead carbonate ore, which merges down the 
dip into “combination” ore. A lifctlo farther! 
north a third stop© has exposed another occur¬ 
rence of oxidized zinc bre over a galena and 
cerusito mixture that may be accounted for b\ 
the explanation given in the preceding paia- 


The highest assay on record at the time of visit 
was 43.2 per cent of lead, 35 per cent of silica, 
and 6 per cent of iron. 

The northernmost und deepest stope at the 
time of visit, that around the Knap incline, 
lies 50 feet north of tho Wolf winze stope tind 
ubout 25 feet below it. The ore hero, too, is 
siliceous lead carbonate with a silver content 
ns high as 3 ounces to the ton. A few copper 
stains are also present. The stope as a whole 
follows tho bedding, which here has a northerly 
dip. It is l>onndcd on the east by a northerly 
fissure dipping 59° W., which is doubtless the 
one that extends along tho cast side of the Wolf 
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\vi'i/.O stopc. Rust of lais fissure is a liutv 
(aver of iron oxide and eulcito “casing, wl icii 
extends westward ulong Uic bedding tor about. 
■K) f,.et and is cut off by tic Scranton lissure. 

(it iw.&is of tl< ore, — .VI; hough single details 
of evidence arc not convincing, I lie evidence as 
a whole around Hie two noriaenunost. slopes 
indicates Iii.it tho mineralizing solutions were 
introduced through one or iuoro northerly lis- 
snres and deposited the ore along the intersec¬ 
tion of t hese, fissures with an easily replaceable 
limestone, bed. Cross fissures, trending K. 40 
J<’. f appear in some places to have served as 
branch channels which permitted a more ex¬ 
tensive replacement of lh« bed, but no constant 
relations between these cross fissures and the 
mineralized ureas have yet been deienuincd. If 
the intersection between the main northerly 
lissure and the replaced limestone bed at the 
Wolf winze slope is continued upward to the 
south, it will puss just east of t he eastern edge 
ol ( lie principal mineralized area mid may there¬ 
fore be interpreted hero loo as the trunk fissure 
supplying the ore-forming solutions, which 
•spread clown the dip along the limestone bed, 
silica being deposited with some galena and 
zinc, blende close by the lissure, and the re¬ 
mainder of the oi*o minerals with dolomite and 
cnJeil.e replacing the bed at a greater distance. 
Tho extreme permeability of the limestone bed 
in tho large, mineralized area can not, for lack of 
definite ovidenco, bo explained. It may have 
been due to extensive shattering or to an abun¬ 
dance of minor fractures that have since, been 
obliterated by the thorough decomposition of 
the ground. Abseneo of siliceous ground with¬ 
in tho area tends to disprove the existence of 
additional northerly trunk fissures, although the 
shape of tho Cole tunnel slope and its align¬ 
ment with tho large area suggest lissuring in a 
northerly to X. 20° E. direction. Trie N. 20° 
E. fissure associated with the siliceous ore body 
in tile Biddleeom tunnel may be a southward 
continuation of the main northerly fissure or a 
branch from it. 

From tiie absence of pronounced evidence of 
silicifieatieu in the Magazine tunnel and South 
Essex ore bodies, it may be concluded that the 
trunk channel with which these bodies are asso¬ 
ciated has not been exposed underground. 
There are, however, outcrops of silieified rock a 
little south of tho South Essex Xo. 2 which, if 
continued northward, would pass just east of 


the ore bodies. These ore bodies lie so close to 
the surface that any direct connections with 
this silieified zone are now probably removed 
by erosion. Silieifiealion took place in two 
stages, as in the Tintic district. 

NORTH SCRANTON PROSPECTS. 

The North Scranton property is on u west¬ 
ward-sloping spur about. 1 \ miles north of the 
Scranton mines. The country rock is the Pine 
Canyon limestone, of the same character as at 
the Scranton mine, consisting of alternating 
bands of medium to coarse gray limestone and 
darker fine-grained cherry limestone, which dip 
gently northward. The workings include a 
shaft, 100 fret or less deep, sunk near the crest 
of the ridge, three short tunnels driven in tho 
upper south side, and a long tunnel driven in 
file north side. A little galena and minute crys¬ 
tals of zinc blende associated with white dolo¬ 
mite spar are present in a bed of medium- 
grained magnesian limestone along a small fault 
fissure of N, 17° E. trend which lies close to the 
shaft collar and has been followed by a tunnel 
for a short distance. About 300 feet, east of tho 
shaft and a little down the slope another short 
tunnel follows a zone of cemented breccia in a 
fine-grained sandy (disintegrated) dolomite. 
A few hard fragments of dolomite and some of 
tho cement in the breccia have a lean sprink¬ 
ling of galena (and zinc blende?) and white 
dolomite spar. Tho long tunnel, which had 
been driven for a distance of 700 feet in July, 
1913, was headed toward a point beneath a 
small prospect pit, a sample from which was 
said to have contained a little zinc. The ma¬ 
terial consists principally of soft red iron oxide 
and colcite in a fissure that strikes N. 17° E, 
and dips S0° K. 

NEW BULLION NINE. 

The Now Bullion mine, formerly called the 
Belhineli, is owned by tho New Bullion Min¬ 
ing Co., and Lies on the smith slope of Minor’s 
(Bullion) Canyon, between 3 and 4 miles east 
of Doromus .station on the Los Angeles & 
Salt Lake Railroad. The mine had been worked 
in recent years under the leasing system but 
was idle when visited by the writer in 1912. 

The production has been chiefly lead, with 
considerable zinc, and a little silver. Returns 
j from live assays give a trace to 0.015 ounce of 
gold and 3.55 to 7.1 ounces of silver to the 
ton, 20.33 to 40.2 per cent of lead, 7.2 to 9.8 
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per ceut of insoluble matter, 14.5 to 22.8 per 
cent of zinc, 0.6 to 2.4 per cent of sulphur, no 
speiss, and 6.5 to 13.45 per cent of iron. A 
100-ton shipment in 1911 run 0.003 ounce of 
gold and 4.71 ounces of silver to tbe ton and 
28.69 per cent of lend. The zinc percentage 
was not given but was sufficiently high for 
penalizing. The ore is oxidized, hut small 
quantities of the original sulphides remain; 
the gangue contains little quartz, the insoluble 
matter recorded in the assays probably con¬ 
sisting chiefly of silica from calamine. This 
character agrees with what was seen in the 
small worked-out stopes on the tunnel level. 

The underground workings are reached 
through a tunnel that extends for 250 feet 
S. 80° E. and for about 120 feet S. 80° W. 
An old shaft started on the hill in the outcrop 
of the main ore body reaches the tunnel at 
a depth of 110 feet, where the tunnel turns to 
a westerly course. A winze about 80 feet 
west of the bottom of the shaft extends for 
200 feet below the tunnel level. A drift on the 
tunnel level, with short crosscuts, extends for 
180 feet north and west of the winze. Drifts 
have been run from the 100 and 200 foot levels 
of the winze. 

The country rock is Mississippian limestone, 
striking N. 10° E. and dipping, 30°-35° W., 
and appeal's to include parts of the Gardner 
and Pine Canyon members of the Tintic sec¬ 
tion. Black cherty beds, characteristic of the 
Pine Canyon limestone crop out along the 
slope north and west of the shaft, hut the 
underground workings are in beds of a fine 
to rather coarse grained dolomitio limestone, 
which are prominent in the Gardner formation. 

A few tl'iin beds of quartzite and shale are 
cut by the main tunnel. Fissuring is pro¬ 
nounced in a general northerly direction and 
one prominent N. 70° E. fissure is exposed. 
The main ore body, which was inaccessible at 
the time of visit, is said to be a pipe extending 
downward from the shaft collar to a point a 
little below the tunnel level; its upper part 
is vertical and its lower part hos a distinct 
northerly pitch. The ore for the most part lias 
been lead or lead-zinc ore, but a concentration 
of zinc ore is said to have been found along 
the footwall of the northward-pitching portion. 
Small amounts of ore have also been found in 
bunches along northerly fissures on the tunnel 
104350“—18-18 


level northwest of the winze. These attain 15 
or 20 feet in length and 5 to 10 feet in width, 
but those on tbe tunnel level (the only ones 
accessible) have been so thoroughly cleaned 
out and the surrounding walls are so decom¬ 
posed that an exact idea of the mode of occur- 
lonoe can not be gained. These bunches of 
ore lie north of the N. 70° E. fissure, which 
is also said to be mineralized. The ore bunches 
are closely associated with veins and pockets 
of calcite, which is also present along the out¬ 
crop nt the old shaft; calcite likewise fills other 
northerly fissures as much as 100 feet or 
more away from any known ore occurrence. 
Fragments of partly oxidized sulphide ore 
coated with iron cxido were found on the shaft 
dump. Tho sulphides are a fino-grained mix¬ 
ture of galena and zinc blende. The galena is 
of the fine-grained variety and shows some 
development of tho feathery handing noted in 
the galena of the Scranton initio. The zinc 
blende is mostly of the dark-brown fine¬ 
grained variety, also found at Scranton. Both 
sulphides are associated with white gramdar 
dolomite spar. Tho secondary lead and zinc 
minerals are irregularly scattered through the 
sulphides and gangue. Small rusty pits among 
tho sulphide grains may mark the formor pres¬ 
ence of pyrite. A part of the iron may also 
have been originally present as carbonate iso- 
morphous with tho dolomite. 

On account of tho absence or scarcity of 
silicification the New' Bullion ore contrasts 
strongly with the ore along the trunk fissures 
in the Scrnntou property, and it may be 
inferred that the tunnel-level ore bodies in tho 
New Bullion are either above the siliceous ore, 
as iu the East Tintic Development Co.’s mine, 
or else are offshoots from a trunk fissure. On 
the other hand, tho silver content is distinctly 
higher than in the Scranton ore; but hero, as 
at Scranton, oxidation and possible secondary 
concentration havo destroyed the reliability of 
the data. 

PROPERTY OP TINTIC ZINO CO. 

Between the New Bullion on the south and 
tho Scranton on the north there are several 
small prospects. These havo recently boeu 
taken over by the Tintic Zinc Co., which has 
begun a campaign of systematic prospecting. 
Surface indications include mineralized out¬ 
crops and closely related calcite veins, of the 
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some general character as thoso on Lho Now 
Bullion and Scranton ground. 

CENTRAL RANGE. 

GEOLOGY. 

Tho mountains between Broad Canyon and 
Cedar Valley lio along the oast, limb ot the 
North Tintic anticline, which corresponds to 
tho west limb of tho Tintic syncline. Tho 
strata ns a whole have steep to vertical and 
even slightly overturned dips, suvo along the 
foothills at tho head of Cedar Valiev, whore the 
dip is very irregular and there are soveral local 
anticlines and synclines. These local folds 
evidently mark the approach to the principal 
synclinal axis, which lies beneath Cedar Valley 
and is the northward continuation of that in 
the Tintic district. The structure, however, 
as thus outlined is complicated by faults of 
considerable displacement, which follow gen¬ 
erally northerly and easterly directions, as well 
ns by numerous other faults formed at different 
limes during and since the folding of tho strata. 
All tho strata in tho Tintic section are rep¬ 
resented here, from the Tintic quartzite, which 
is present in tho upper part of Broad Canyon, 
through the series of Middle (and Upper?) 
Cambrian, Ordovician, and Mississippian lime¬ 
stones (o the basal bods of tho Humbug (upper 
Mississippian) formation. Patches of rhyolito 
are scattered along the foothills bordering 
Cedar Valley. 

MINES A2TD PROSPECTS. 

Little or no ore has been produced in this 
part of tho North Tintic district, but several 
outcrops of promise, both of siliceous and non- 
silicoous character, have boon prospected to 
some extent. 

The most striking siliceous deposits, of 
which tho Farragut aud Doprc/Ju are exam¬ 
ples, aro tho largo quartz outcrops along Fre¬ 
mont Canyon, which is virtually a southwest 
fork of Cedar Valloy and heads just north of 
Packard Peak. Outcrops of quartz or silicified 
limestone aro said to extend northward from 
Fremont Canyon along the east slope of the 
mountains, but they were not followed north of 
tho Dcpvezin shaft. 

FAUltAGUT. 

Tho Farragut mine, owned by the Admiral 
Farragut Mining Co., includes a group of 29 
claims extending from the northern boundary 


of tho Gemini ground to tho south base of the 
high mountain on the divide between Fremont 
and Broad canyons, beyond the limits of the 
Tintic quadrangle- Tho workings aro at the 
bend in Fremont Canyon at the west edge of 
the small area of the Humbug formation. (See 
PI. I, in pocket.) Thoy include a tunnel with 
several irregular branches and a shaft 260 feet 
deep with a 44-foot winze from tho bottom level, 
which are all within the Pino Canyon limestone 
and are confined mostly to quartz bodies that 
crop out very prominently. The property was 
idle when visited in 1912, and only the tunnel 
was examined. The quartz in the tunnel-level 
workings ranges from light to dark in color, is 
more or less leached, and is associated with a fer¬ 
ruginous clay material in decomnosing limc- 
stono. Assays of the quartz at different places 
are said to have yielded SI to S7 a ton in gold, 
5 to 25 ounces a ton in silver, as much as 3.5 per 
cent in copper, and os much as 11 per cent in 
lead; but no attempt has yet been made to de¬ 
velop or block out bodies of ore. ‘Indications 
of or© in limestone are said to have been found 
at the bottom of the shaft. 

OCTRKZIN. 

The Deprozin property, named after the late 
Capt. II. Doprezin, of Eureka, lies north of 
the Farragut, near the mouth of a vest brauch 
of Fremont Canyon. It consists of six claims. 
Tho shaft is besido a conspicuous quartz out¬ 
crop that trends N. 10° W., apparently along a 
nearly vertical fissure, and sends a few branches 
along the gently eastward or northeastward dip¬ 
ping beds of Pino Canyon limestone. The 
shaft is about 1Q0 feet deep, and two drifts have 
been run from the bottom, one for 35 feet west¬ 
ward and one for 145 feet eastward. These 
workings were not examined but are said to be 
all in leached quartz. At 15 feet below the 
surface in tho shaft some material assaying 7 
per cent of bismuth was found in a shoot dip¬ 
ping northeast. Assays of tho quartz thus far 
j have yielded a trace of gold and at most 2 
ounces of silver to the ton, but no lead or 
copper. 

TINTIC-ltUMBOLT. 

Tho only prospect visited in this section 
that represents the nonsiliceous type is the 
Tintic-Humbolt, which is on the lower east 
slope of the range in a canyon that marks 
the northern limit of the highest summits. 
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It is about 7 miles due nortli of Paehnrd Peak. 
The iramediato country rock is tho upper part 
of t,ho Pine Canyon limestone, which consists 
of alternating bands of the black chcrty and 
the coarse-grained limestono of the Iron Blos¬ 
som zone. The dip is vertical to very steep 
westward (where slightly overturned). Two 
shafts have been sunk, one IDO feet and one 
20 feet deep. Both are in chcrty doloinitic 
limestone. The outcrop at the collar of the 
100-foot shaft is of eherty limestono cut by | 
veinlets of white to brownish cnlcite of colum¬ 
nar to coarse granular character, containing a 
few small lumps and grains of “steel" and 
“cube" galena with a little zinc blcndo. The 
chert lenses may be mistaken for quartz 
similar to that of the low-grade siliceous ores 
in the Tintic district, but it is a significant fact, 
that the ore minerals were found only in the ] 
calcite voinlets or the immediately adjacent I 
limestone and not in the chert, also that thol 
chert is equally abundant whero there is no' 
evidence whatever of mineralization. The 
ore minerals were followed for 15 feet down 
the shaft, and a picked sample is said to have 
assayed 26 ounces of silver to tho ton and 44 
per cent of lead. The shaft continues down- 


stones and tho Bluebell dolomite; the Ajax and 
Opohonga were noted along the lower eastern 
| slopes of Pinyon Peak, and the Bluebell from 
Momansville Canyon northward along the 
upper eastern and northern slopes of Pinyon 
Peak. The upper part of the strata mapped 
as Bluebell along Pinyon Peak may include 
beds of Silurian or Devonian age. Devonian 
Ishaly limestone about 150 feet thick—hero 
designated tho Pinyon Peak limestone—has 
been traced along the top of the Bluebell 
dolomito from tho nose of the blunt eastern 
j spur of Pinyon Peak soutliwestwurd to the 
south base of the peak. It is absent on tho 
' northern slope of Pinyon Peak and in llonmns- 
I villo Canyon, Mississippian beds resting upon 
tho Bluebell dolomite at both places. Tho 
lower Mississippian limestones (Gardner and 
Pine Cunvon) form the western slopes and 
summits of Pinyon Peak and the lower peak 
to the south. They have also been noted at 
different points rdong the rnngo toward the 
north and with a few overlying patches of the 
Humbug formation they form tho low ridges 
to the west. 

'Hie area consists for the most part of the 
east limb of the main synclino of the region, 


ward along an iron-stained fissure, aud a short the• prevailing dip being ulmut 20° W. The 
crosscut from its base is said to pass through synclinal axis extends along the east side of 
8 feet of kaolin into some siliceous material, Fremont Canyon and beneath Cedar Valley, 
full of iron and manganese oxides, which Faulting is conspicuous in places aud both 
assays traces of gold and silver. Just south northerly and easterly systems are doubtless 
of the 100-foot shaft is an easterly fault or present, but as iu tho Tintic district only the 
cross break, and fractures parallel to it are easterly faults arc clearly expressed on tho 
filled with white and locally yellowish cnlcitc. surface. Fissuriug without conspicuous fault- 
The facts observed suggest that in this direc- ing is abundant in tho few places where any 
tion mineralization at the surface has nearly extensive underground work has been done 


reached its northern limit. 


PROSPECTS WEST OF PINYON PEAK. 


SOUTHEASTERN AREA. 

GEOLOGY. 

The southeastern urea includes the range 
extending north-northeastward from Pinyon 
Peak and the lower ridges just west of Pinyon 
Peak. The country rocks are nearly nil lime¬ 
stones, cut by a few rhyolite dikes and in part 
covered by a veneer of effusive rhyolite. The 
formations exposed rango from Cambrian to 
upper Mississippian Limestono of probable 
Cambrian ago hns been noted on a low knob 
east of Pinyon Peak. Tho Ordovician is rep¬ 
resented by the Ajax and Opohonga hme- 


Thcre arc only a few small prospects in tho 
ridges west of Pinyon Peak. Hie Eurcka- 
Comstock, which is at the southwest base of the 
6,725-foot peak, lius n shaft 50 feet deep, fol¬ 
lowing a narrow vertical silieified zone. Tho 
outcrop of the zone is oxidized to a red color. 
A little gold and silver have been reported. 
The North Colorado shaft lies just south of the 
Eureka-Comstock but was not accessible. On 
tho Davis group, to the north, u shaft was 
being sunk at the time of visit along an 18-inch 
vein of iron and manganese oxides that assayed 
a trace of gold. 
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MINES AND PROSPECTS NORTH AND NORTHEAST OF 
PINY ON PEAK. 

Considerable work lias been done along the 
ridge, east of Cedar Valley and north of Pinynn 
Peak, but only tlireo properties, the Lehi- 
Tintic, Sclniu, and the Tintic-Dclmar, were 
being worked when visited by the writer. 

I.KHI-TINTIC. 

The Lchi-Tinlic mine is on the west slope of 
the ridge, nearly due east of Grccly Springs, 
which furnishes a water supply to different 
properties in its vicinity. The mine formerly 
produced a good grade of oxidized silver-lead 
oro from workings near the top of the ridge. 
The ore is said to hove followed a N. 50° E. 
fissure (in Mississippian (?) limestone), but to 
have pinched out downward. At (he time of 
the writer's hasty visit (July, 1912) a tunnel 
was being driven along a strongly undulating 
fissure zone that strikes generally N. 60° E. 
and dips 45° NW. to 90°, with the intention of 
prospecting henoath the old ore. body. A few 
small indications of ore, but none of conse¬ 
quence, were said to have been found along 
this fissure zone. In March, 1913, it was 
reported in sevoral mining journals that ore 
containing lend, silver, and a little gold had 
been found on the tunnel level. 

HPI.MA, 

The Selma property is at the northwest base 
of Piny on Peak, a short distance beyond the 
northern boundary of the Tintic quadrangle. 
The surface country rock is the Bluebell 
dolomite, much fissured and cut by a few 
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rhyolite dikes. The principal workings consist 
of a long tunnel and a shaft 210 feet deep. 
The tunnel was run to explore the “cave 
fissure,’' a large cavernous pipe of low-grade 
iron ore, with small quantities of lead and pre¬ 
cious metals, which is said to be continuous 
from the surface downward. Other evidences 
of mineralization along fissures have been un¬ 
covered in small prospects, but none have been 
developed. At the time of visit (July, 1914) 
the only activity was at the shaft, which was 
being equipped with new machinery prepara¬ 
tory to running a drift eastward from the shaft 
bottom to cut certain of the mineralized fis¬ 
sures and to reach the. “cave fissure” at 
greater depth. 

TINnc-DXMUR. 

The Tintic-Dclmar property is on the east 
slope of the ridge, northeast of Pinyon Peak 
and southeast of the Lcki-Tintic workings. 
When it was visited (July, 1912) a tunnel hud 
been run in a N. 37° E. direction through the 
Pine Canyon limestone for 450 feet, and two 
winzes 50 nnd 25 feet deep had been sunk 
from it. The 25-foot winze close to the tunnel 
face was being sunk along the junction of a 
N. 25° E. fi.ssurG with an easterly fissure and 
hot! exposed a few small calcite veinlets. No 
ore was seen. A liitle network of calcite 
veinlets was found in silicified limestone about 
125 feet from the mouth of the tunnel, nnd an 
assay of the silicified rock was said to have 
yielded encouraging quantities of silver and 
gold; but no development of tliis rock had 
been attempted. 
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Humbug formation 

l Dark argillaceous shale and cal- 
careous Quartzite ) 



Pine Canyon limestone 

(Mostly darkfossiliferous limestone 
with prominent black chert nod¬ 
ules; coarse-grained pure lime- __ 
stone with upper ( ?) Mississipian uj 
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fossils near top) 
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Gardner dolomite 

{Largely dark bluish-gray dolo¬ 
mite with beds of nearly black 
argillaceous limestone. Contains 
lower Mississippian fossils) 
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Victoria quartzite 

{Two or more beds of calcareous 
quartzite alternating with lime¬ 
stone) 

UNCONFORMITY 
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Bluebell dolomite 

{Alternating beds of light-gray and 
dark bluish-gray dolomite. Ap¬ 
pearance very similar to Cole 
Canyon dolomite. Contact meta- 
morphic in part) * 
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Opohonga limestone 

{Striped shaly limestone, weathered 
surfaces yellow to red alternat¬ 
ing with bluish gray, cherty in 
places, especially lower beds. 
Resembles parts of Teutonic and 
Herkimer limestones but is 
redder on the whole. Contact 
metamorphic in part) 



Ajax limestone 

{Dark bluish-gray magnesian lime¬ 
stone, with lighter-gray chert 
nodules and lenses. Includes, 90 
feet above base. Emerald dolo¬ 
mite member, Oed, creamy-white 
fine to medium grained dolomite. 
Quartzite lenses at base. Con¬ 
tact metamorphic in part) 
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Opex dolomite 

( Dark-gray dolomite with inter- 
bedded shaly limestone and shale 
and a few thin quartzite lenses. 
Contact metamorphic in part) 



Cole Canyon dolomite 

{Alternating beds of light-gray and 
dark bluish-gray dolomite, in ap¬ 
pearance very similar to Blue¬ 
bell dolomite. Contact metamor¬ 
phic in part) 



Bluebird dolomite 

{Dark bluish-gray dolomite spangled 
I with short white coarser-grained 
rod-shaped bodies less than half an 
inch long) 
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Herkimer limestone 

(Mottled and banded argillaceous 
limestone, with yellowish-brown 
blotches and stripes in a dark- 
bluish body. Resembles parts of 
Teutonic and Opohonga lime¬ 
stones) 


Dagmar limestone 

{Finely banded argillaceous lime¬ 
stone, nearly white on weathered 
surface, gray to nearly black on 
fresh fracture) 
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Teutonic limestone 

{Dark-colored, mostly argillaceous 
limestone, with a few dolomitic 
beds. A large portion is mottled 
and striped with yellowish brown, 
resembling Herkimer limestone 
and parts of Opohonga limestone. 
Many of the lower beds are piso- 
litic) 
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Ophir formation 

( Greenish, weathering brownish 
shale, largely micaceous and with 
slaty cleavage. Contains beds of 
dark limestone of same type as 
in Teutonic limestone. Contact 
I metamorphic in part) 
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Tintic quartzite 

( Light-colored quartzite, t oith sev¬ 
eral thin beds of fine to medium 
conglomerate. Very pure as a 
whole, but somewhat calcareous 
and argillaceous in uppermost 
beds. May include some pre- 
Cambrian) 


IGNEOUS ROCKS 


“1 

|Tmd 




Monzonite porphyry dikes 
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Tmp or Tbl 


Monzonite porphyry, Tmp 
and biotite latite, Tbl 

{Connected with the Sunrise Peak 
vent Probably but not certainly 
of effusive character) 
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Latite tuff 

{Silicified and therefore resembling 
the rhyolite tuff) 




Swansea rhyolite 

( Intrusive) 
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Packard rhyolite 

{Exposed portions entirely effusive 
save for some small dikes in upper 
Jenny Lind Canyon) 



Rhyolite tuff 

{Mostly altered) 



Early rhyolite 

{Characterized by brown color, 
marked fiuidal structure and 
absence of quartz phenocrysts) 
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Triangulation by S.S.Gannett. 

Topography by W.T.Griswold and R.B.Marsha 11. 

Surveyed in 1896-1897. 

Culture revised in 1911 bv W.M.Beaman. 
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R.U.Goode,Geographer in charge. 
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Topography by W.T.Griswold and R.B.Marshall. 
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Humbug formation 

(Alternating beds of limestone, 
sandstone, and shale) 



Pine Canyon limestone, 
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Victoria quartzite 
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Pinyon Peak limestone 



Bluebell dolomite, Opo- 
honga limestone, and 
Ajax limestone. Con¬ 
tact metamorphic in 
part 
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Opex dolomite. Contact 
metamorphic in part 
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Chiefly light and dark-gray 
dolomite, shaly lime¬ 
stones, and shale, in¬ 
cluding Cole Canyon 
dolomite, Bluebird dolo¬ 
mite, Herkimer lime¬ 
stone, Dagmar lime¬ 
stone, Teutonic lime¬ 
stone, and Ophir forma¬ 
tion, Cmo. Contact 
metamorphic in part- 


z 

< 

E 

z 

< 

o 


■Cl 


A „ . Tintic quartzite 
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and associated biotite 
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Augite latite 
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Latite tuff and breccia , a 
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Latite (and andesite ?) 

{Flow8, tuffs, and breccias not 
subdivided) 
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Swansea rhyolite 


Packard rhyolite 
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mite with beds of nearly black 
argillaceous limestone. Contains 
lower Mississippian fossils) 
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< Dark-gray dolomite with inter- 
bedded shaly limestone and ehals 
and a few thin quartzite lenses. 
Contact metamorphic in part ) 
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Cole Canyon dolomite 

(Alternating beds of light-gray and 
dark bluish-gray dolomite, in ap¬ 
pearance very similar to Blue¬ 
bell dolomite. Contact metamor¬ 
phic in part) 


\\ Cmb 


y\ ■ 
\\\\ 


Bluebird dolomite 

(Dark bluish-gray dolomite spangled 
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(Finely banded argillaceous lime¬ 
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(Gre«nt«A, weathering brownish 
shale, largely micaceous and with 
doty cleavage. Contains beds of 
dark limestone of same type as 
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(Alternating bed* of limestone, 
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